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Geothe:mal, !n lltera1 torrns, means earth heat. Thls heat ls thought

to bo 6erlved. from the slow decay of radioactlvs elenonts and fron

frlc-tlonal- fo:rces, both occurl.ng ln the earthrs plastlc nantlo. In the

contlnontal plates tho balo of tho harCened. cnst of the earthr eaLled'

the mohol t3nges fron 2J to J0 ld-lometors below the surfaco of the earLh

at temperaturcs ranglng fron 2OOoC to IrOOOoC.l Wlth our present technolory

drl).llng d.epths of ?,5 kllometers have been achieved. and. uray soned'ay reach

two or three tlmes that depth. However, the depths from whlch we may '

economlcally extract the earth'ls heat seems unllkely to exceed. ten

ktlonetors.2

The averago arnount of heat whleh flows to tho surt'ace of the earth

1s 1.5 x Lo-5 calorles/"^,2fuo".3 rh1" amount of heat uould. obviously

ilave to be concentratcd. conslde::ably to be consldered. as an enerry Eource'

There are, howeverr areas ln whlch moLten rock ls, or has beon, much

closer to the surface. It is ln thc a^reas ln whl-ch netura1 heat ls

coneentrated. cl-ose to the surface that economlc exploltatlon may bo

possible. In thls contexL, geothe:na} heat !s slnllar to nlner:aLs or

petroleum 1n that lt becornes econotnlcally e:ploltabl-e when found' in

suf f lclent eonc6nt::atlons .

GEOT}MR},IA], SYSTEI':S

Dlfferent goothermal areas vary according to geological and hydro-

Icgical chara.,:terlstics present at each slte, The type of systen piesent

d.eternlnes the type of erLractlon ancl 1:rod'uctlon technlques, and tc a

lesser Cegree the tSpe of exploration neuhods xhlch are used' ln t'he

developnent of the fleld-'
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The sysien varlatlon ts based. 3-argeLy upon the rrethod ln rhlch heat enerry

is transfered. at e>rploltable depths, 
-

A. DrY Rock Svstens

- Conduction 1s thc domlnant mea^ns of hoat tr:ansfcr through 8o11ds

and. thereforo the earfh's cnst. In a 1ar6e1y dry nock conductlon s3rstent

tenpcrature general-J-y lnoreases contlnously rlth depth to the lnterface of

the l.ioho. DLffererccs 1n heat flowlng through dry rock ln lrarlous areas of

the wor16 arlsc as a functlon of the d.epth of the heat sourcel the themaL

cond.uctlvlty of the cmstal rock, and the the:mal grad.lent. At present therc

are no dry hot rock systoms belng erplolted', although the techno3.ory

is cunrently belng devalotrrd, as w11L be d.lscuesed. later.

B. Flull Systers

Conrrectlon ls the other prtna:ry heat transfer mode present ln the

earLhrs cnrst, Thls occurs when f1ulds are heated and r:lse as a result of

ther:naL expanslon and. lowei'.speclflc gravlty. Cooling flulds or cooler

ground. raters replcnlsh the cycle of clrculatlon whlch Is drlven by heat

furnlshed at the base of the system. In a convectlon systen the teraperatures

tend. to be greator ln the upper portlons than ln the lower parts due to

the nature of the systern. There are iwo basle types of water eonvectlon

s.r'stems whlch dlffer accorClng to ihe physlcal state of the Hater'

l--Ict Hat,er_ SystenF

Hot water systems are characterlaed by water ln the llquld statet

although 1t nray be at pressures greater than hyd.rostatlc, fn a aajor

eonrrgci,ion systern ue.ter serves a.s ''he ned-iun bl' which heat 1s transfered as

1t. moves fron a relatlvely d.eep geothenrral heat source to ine surface or

noar surface. :
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Cool ground. waters seep lnto the perlmeters of the goother:na1 systen

d.ue to thelr hlgher denslty ln rolatlon to watmer heated water. The

pressuro exerbed. by coolcr rators on Less dense heated waters nay resuLt

ln arteslan hot sprtngs, If tho aquS-fere a porous water carrylng layer of -'

rock, uhlch Lles on top of the heat source ls covercd. by an lmpermlble

caprock, the rater nay be at tenlrraturcs whlch excccd bolllng at

atmosphoric preaauro. Thls ).Iquld rater, und.er hlgh pressur€r may partlally

flash to stearl once the pressurc Ls released elther by drt3.11ng or by

naturaL faultlng tn the caprock layer. Due the fact that alL of tho nater

does not flash to stea:n1 and. thus drop}ets arc carried. up nith the steam,

. Lhls ls ofton caIIed a "Het steamr systen.

2.Japor DonlnaEr.d. Fyst_ems

: 
A few percent of the worLd.s geothernaL rcsources are to be found. ln

the fo:m of rrapor d.omlnated. systems. At present the otr1y large knorm

systems of thls type arc found. at the Gysers fle1d ln Callfornla and

the lardcl.lo fleld ln ltaly. Slnce they produce superheated stean rlth no

assoclated. I1qutd, they are often caIled. "d:y stoam" systems. Thls stoan

ls genera3-Ly thought to orlglnate fron bolllng rater In a deep geothe::araI

resevoJ-r wtth a high ternperature heat source and a 1ow water recharge rate.

The rrater resevolr has overLylng rock nhlch ls hlghl-y Porous anC peraible

anrj. a1lows the stean to exlst as the contlrn:ous plessurc conirtrS-ling

phase r-'Lth pressures belor+ hydrostatic. As the steam rlses in the geo-

ther,ral systen tt losses iis heat to surounling rock and. eventually

con,ienses near the stuface ln nlost vapor systens.
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Thls condensed. f-iquld., Lf not Lost to the surfaco, dralns d.ownrard. on the

perlrneter of the system to deeper later satrrrated rock on the porlnetors

of the heat source ard. serves as a rccharge sourcc for the s3rstom.

GEOEXPIORATION

A, Inbrod]rc.tlon

Geophyslcal e:ploratlon for geothe::nal enerry has been

largply adapted. fron stanrdard. geophyslcal- practlces, although alteratlons

anil varlous lnovatlors have been founl necessary to provld.e for the

unJ-queness of geothcrnal resources. PreLlmlnary elploratlon sel-ectlon 18 .,,

baseil upon a nunber of prevlously lerorm geoLogj.c factors. The presence

of rysers, funamles, mud. volcanoesp or the:mal sprlags aro obvlous lndlca-

tore of geothermal actlvity. Areas rrlth voLcanlsm of late TerLlary or

Quaternary a€c nay also lndJ-cato posslble near surface heat sources,

especlally if cal-d.ers, eones, or volcanlc vents arc present, Info:rnatlon

avalLable frorn otirer activitles such as d.eep rnlnnlngr rteLl drllJ-lng for

petroLeum, etcol ril{ al-so provlde lnfornatlon prctaining to the posslble

pressence of 6eotherrnal anonaltes.

B " Chernlc.al_ Eospectlng

triarn or hot sprlngs, Srsers, etc.l &rc very good. lndlcators of

5;eothermal- actlvity and offer a varlety of geoplrysical infornatlon

uiren anal-;vzed. chernlcal-ly. L'atarsr upolt enterl-ng a geothermal area ln a

relativeLy cool- state, change ln their abillty to dlssolve nlnerals,

and alter constituents alreaCy presentr dr.r.e to the heat or enthalpy

added by th+ sysieno
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The S10, content of 6eotherual waters 1s comnonly a very good lndlcator of

the tenrpe::ature of rocks at depth due to a generalS-y conslstant relatlonshlp

between heat source temperature and. concent::at1on,4

The Na/K ratlo ln hot sprtng rraters can bc a good geotheraonetcr

rhen there ls ad.equate lrtrorroation of conpetlng lrtrluonces such as othcr

chenlcals which nay preelpttate these tons,

Geothe:maL flulds are also knorm to exhlbtt I'o4ygen-lsotope shLft",

where the DilH (auterrurn/rrydrogen) 
"na 

016/018 r:atlos are lndlcatlve of low

lylng geothe:rrral heat. Such a shlJt occuts when geothe:rnal raters seek an

lsotoplc egulllbrlum rlth thelr host rocks. Dre to the fact there arlc J.arge

resernolrs of exchangeable oxygen ln slllcate and. carbonate mlnoraLs and a

reletlvely snalL resernolr of exchargeable hydrogen, odfgpn ratlos shlft

ln heated. rater and hydrogen r:atlos dontt, Thus, geothermal fluid.s nay

bo ld.entifled. and. quantifled. in terms of ten1rc::ature of tho heat source

wh1le no:maI ground raters dlspJ.ay no sh1ft.5

Once chemlstry su:rreys of geothermaL raters have been nade, favo::able

results may lnd.lcate firrLher geophyslca3. oxplorati-on'

C. Infared. Ba.dia',,ion l.iethods

Another preltnlnary type of geothe::maI exploratlon lnvolves the use

of ihe fact, that geotherrnal- areas conmonly produce lnfared. heat in a-nounts

grea'ber than background.. Such surveys enploy the use of infared. scannlng

1n the lnte:mediate bar:ds (3-5, B-14 mlcrons) usualLy nounted. on airbortre

equipnent, kdared. e>q>lor^ation of gectherinaL areas ls sone;vl-iat Ilrnited in

it,s abillty to d.e'"ect sna1l lariailons of geoterEal heat floa. This is

due to interference frorn baekgou:d noise o:l aol-arorlgin,.
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Although some lntederenee may be ellmlnated by predawn survelance, lt

geueral).y requlres a geothermaL hoat flow of appro:dmately two ord.ers of

rragnltud.e greater than background. to detect a geother:naL anonaLy. Infared

technlques rnay be a useful tool. ln the prelrnlna4r e:rploratlon of remote

areas. However, based. on the experlence of lnvestigatorsr hfared'

methoils are of llmlted. vaLue ln comp:rlson to other geophyslcal tcchnlquos

1n acessabl" at *,6

D_._ Egrth R_es iF t i vi-ty- Ir..etho.d.s

The earLh reslstlrri.ty methoct appears to be the nost popular and'

usefuL techalque for geothe::rnal erpLoratlon. Reslsttvity may be used. to nap

the d.epth, thlcknessl arul exLent of the geothe:maI anona-ly. Ihe reslstlvlty

of the earth ts largely dependent upon the poroslty, temper:ature, and

saLlnity of lnerstltlal nater, all of wirich terd. to Loaer reslstance tO

eLectrical- cu:rent arrl lncrease corductivlty.

The najor d:ewbacks of thls method. result from factors wh5-ch nay

lower earth :reslstaree and. are not related to geothermal actldty'

These factors nray irrclude col-d saLine waterss and. near surface occulance of

salt delnslts, Because of hlgh conductlvlty, near sur:flace salts often

prrrhlbtt investigation ai depth,

A typlcal resistlvlty lnvestigatlorr ls nade rlth four electrocles

equal-Iy spaced.. A D, C. culrent florts between the two outer electroci.es,

and. i,he potential drop ls neasured. acrcss the tlo lnner electrod.es.7

Electrorle spaclng ls dete'slined by reslstlvlty depth soundlng CurlnA

l,'hich el-ectrodes nay be placed as nuch as tuo kiloner"ers apart. Electrod.e

spaclngs de'r.ernl-ned to be most char-acteristlc of Low reslstivities
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assoclated hlth geothermal actlvlty ar€ used rlth ensuelng multlpIe resistlvlty

transverses. In generalq the greater the electrode spaclng the greater the

depth of penetratlon, although potenetaJ.s of up to 2000 volts nay be .

necessarlr for naxlmum depth data. Reslstlvlty transverses are conducted

across the entlre anomaly, from hlgh reslstlvlty background areas on the

perlmeter of the anonal-y, acroas the Lor reslstlvlty area on back lnto

the hlgh reslstlvlty background area, 3y conductlng a serles of these trans-

verses on dLfferent axes, tho Lor reslstivlty anonaly nay be dellneated.

Honever, the selcctlon of method, and lnterpretatlon of reslstlvtty data Is

very difflcult and results depent to a 3-arge degree upon the experlence and

sk1II of the lnvestlgator. Topographical features may al,so lnterfere rlth
accurate resuLts so thls method. ls best used. on flat l-and. Rough teraln

1s also a restrlctlon 1n the use of thls method. due to very long cables

to connect the electrcdes, and rather heavy generatlon egulprnent needed for

hlgh d.epth penetratlon.

Two rnethods whlch depend utrnn earth reslstlvlty may also have 'ralue,

Te11ur1c earth currents, whlch arc natural ea.rth surface currents thought

to be lnduced by lorospherlc cu:rents, flow over thc earbh in a sheet-I1ke

narunerr These eurrents penetrate to sufflclent depths to al-Iow electmmag-

netic sound.lngs of the earLhs crust. In na6net,lc-te11ur1c surveys the

le.ratlons of the horizontal magnetlc fleId and the varatlons of the

telluric potential across the ar.omaly are recorded. and lniegrated.B lor*

resistivlty nay lndicat,e a geothernal anonaly in a nannor nuch the sane

as does an electrode reslstlviiy survey,

| 
―
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The other reslstlvlty method., rad.lo lnterferometry, tal"es ad''rantago

of the skln effects of the earth uhlch restrlct the penetration of radlo

wave length encrry to great depth. However, ln areas of Low reslstlvlty,

d.eep penet::atlon Is trnss1ble. By transnlttlng radlo Haves on the surface and

recordlng lnterference patterns caused by lnterface reflectlon as a functlon

of tlme arrd dLstanee, Iow reslstance ar€as can be deflned and lower rock .-

stnrctures d.ete::n1rcd..

The Latter trro rrslstlvlty methods, aS.though not as rlde1y used. as

the electrod.e nethod, do havc the ad.rm.ntage of rrct requlrlng large anounts

of cab1e. In the case of tol-lurtc methods, whlch d.o not raqulre a transmltter

or generator, appllcatlon ln renote areas ls nost practlca-I,

E. Selsmlc l'lethods

Selsmtc exploratlon ls based upon the measurenent of the veloclty

of elastlc waves through subsurface rock, Thls nreasured. veLoclty ls

proportlonal to seve::al constants and lnrameters d,efined. by the character-

lstics of the rock through whi-ch these Haves are travellng. In dlseusslng

selsnlc nethod.s two broacl catagories, active and passlve selsnolory, can

be d.ef1ned.

1. As:tive Selsrnolog

Actlve seisnlc method.s use exploslons as a source of elastlc L'aves.

Tirere arc two suptypes of this me',hod which are refered to as reflecti-on

and ref::actlon, The reflection method records the reflectlon of generated

hraves off of rock interfaces, faults, and other planer su:faces' Pefractlon

ls recorded. at sone point distarrt fro:rr the wavo propaga'ulon rhere the r,zve

energes at the surface after harrtng travel-ed. through forna.tions of C'ifferent

t1'pes on a certlan path,
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The lnformatlon obLalned from reflectlon and. refration nrethod.s can

then be lnterlreted to lrrd.lcate stnrctural and llthographlc condltlons of

the geoth:*"I fleLd. AJ.though stearr d.rrd hot water fo:matlons have shown

par[lcu].ar charaterlstlcs of p:colngatlon'and- atternratlon of selsnlc r,raves,

hlgh rolse levels present ln geothernaL areas harrc nade It very dlfflcuLt

to seper:ate artlflclal)-y lnd.uced. wavcs f,ron natural otrcsr Thus, although

furportant geologlc data such as fault stnrcture, basenent shape and. depth,

arul subsurface geol-oglc stnrcturc are obtalnablel the eost and Lack of

speclflclty are limttlng factors.9 It appears doubtful that actlve

technlques 1111 be used. as a genera3- e4plolatlon tool, but, they can

glve detalleil and spec1aL lrtro::rnatlon ln geother:naI fleIds.

2. Pass1rrc:Technlgues

Passlve techrdques are the other type of selsmlc nethod.. It makes

use of the fact that geothe::nal anomal-les gene::ate a large ar,ount of

gr^ound. nolsc as a resuLt of charactertstLe rnicnoearthquakes. These nlcro-

earLhqtakes are thought to arC-sc from tectonic movement assoclated rlth
geothe:maL systems.l0 The recordlng of nlcroearthquakes with a magnetlc

tape slesnograph can disclose faults and eplcenters.

A reflnenent of thls technlque records aeoustlc patterns at cerblan

frequeney ranges at a nurirber of polnts ln the e;ploratlon artat S'uudj-es

ind.ieate that each geothermal system has an lnd5-'rlgual- selsrnlc pattern,

and. that there ls a relationshlp betr*een a geothermal reservolr at depth,

hlgh temperature g:=.dients, and hlgir selsmlc nolse leve1s, If this 1s a

rellab1e relatlonshlp, passlve technlques could be very useful in geo-

. 11'12
thernral expLor^ation due to lts speed, n',obiIit1,r and lori cost,
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F. Tem}erglture lurvelF

- 
The prlnclple value of temperature surveys ls to determlne the size and

e]lerry content of knorn geotbermal anonalles. Iiorrlng, shallow ground waters

can nask large and actlve geotherr,ral systems. For thls and other reasons, -
temperature surveys arc not partlcuLarLy good. general explo::atlon deltces.

The two nost popuJ-ar t3pes of tempcratu-re surveys lnvolve the use

of thentlsters or thermocouples placed at depths on the order of one

meter or at lnte:medlate depths of up to lO0 meters.

In the use of shallow one neter holes, changlng weather and dlurnal

fLuctuatlons ln temperaturc can effect terrperature rneasurments. Dlfferentlal

neasu:ments can be made to rulnlmize these effects. The data for a strallow hole

s[rvey is usually plotted as tempe::aturr and gradlent contours over the

anomalous ?Lrca. Due to lnterfererce from shallow w&tt,€rs and gr-ound ratersr

shalLow temperature sur\reys are best used. to ]ocaute fault llnes, etc along

whlch fluids carrying heat circulate.

Intermed.late d.epth Burve)rs aqulre tempe::atures at two or more d.epths 1n

each hoLe. Dri-IL holes are usuaLly spaced. 1n a grld pattern or ln a polygon.

The former J.s a more accurate me'r,hod while the latter ls less expenslvo d.ue

to the smal-l-er number of <iriI} ]roles reo.uired, The iaulti-ciepth terirperatures

directl-y lndJ-cate temperat.ure g::adlents and supplSr data needed. for heat flow

calculations. Explorailon based- on heat fIo;r rreasurements on the ord.er of one

raeter may be sufflcient to lrCica'ue the general location of a.n anorlialy,

hoitever; to l-Centl-fy poter:etiai drilling si'uas, heai flow neasurnents are

ususlly na-Ce at depi,h,



…■1-

The major advantage of heat f■ ow data over tenperature 6」 tadient is that

heat f■ow is independent of the situation conductivity of the different

rock types invo■ved. Thus, in heterogenOus zones heat flow data can

more accurately help determine the most productive areas。

On the basls of temperature surveys the energy productlon of a

systen may be ca■ cu■ated, and in conJunction with other geophysica■

data, production dri■■ ho■o‐ sites may be se■ ected.

G. Gravity Surveys

Cravity S",veys can be used both to out■ ine najor geotherna■ areas

or to identify ■oca■ anona■ies. Loca1 6raVlty anona■ ies can be causea by

burried vo■ canlcs, intmsive rocks, or hydrotherma■ ■y netanorphosed

rocko A■■ of these genera■ ly disp■ay greater rock densities than cOmmon

sedinentary rock types and thus express thense■ ves as a pOsitive gravity

anona■y. These anoma■ ies can be caused by many other features unre■ ated to

geotheェコla■ activity and IIithout other supporting geophysica■  data, inter―

pretation can■ ead to irlaccllrate conc■ usions.
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GEOT}ER}'IAI, DRILLING

A. fntro-du_ctlon

- There are two phases of drllIIng whlch occur ln the deveJ-opment of a

geothermal fleId,, test drlll-lng and fleld. d.eve)-opment dr1IIlng.

Test rells are Located. on the basls of prellmlnary geophyslcal

e:rpIoratlon. Ttrese weLLs provlde subsurface geoLogtc data, lnformatl-on

as to the physlcal and chenlcal characterlstl-cs of thc geotl're:maI f1uld

or rock, help d.eflne local productlve zones, and. heLp determlne the extent

and productlveness of the f1e1d,

Pnod.uctlon testlng ls the t::ansltional- phase between test drllllng
and. the potentlal pnoduetlon dri-111n9 and devel-opment of a geothermal

fleld, When a weLL reaches a posslble produetive zone of a hydrothermal

systern, 1t ls developed- and. tested- over a pertod of time to d.etermlne flow

rate, conposltion of flu5-ds, tenperature of flulds, recharge characterlstics,

and other physleal p:ropertles of the fleId, hoductlon testlng lncludes,

among other thlngs, we1-J- ventlng which cleans the well ard ls used to

provlde nuch of the above informatlon. ldel1 ventlng is nct used. 1n the

developrnent of a dry rock systen d.ue to the absence of flutd.s,

If explo::ation, test drl-l-I1ng, and production testing prcr'Lde favor-

able lnfo::mation, the drilllng of a nurober of add.1ilona1 xel-Is to develop

the fle1d woul-d. foIIow.

Both productlon yrells and test wells lnvolve the use of almost

id.entical drllling proced,ures, altl:ough test wells nay be scne'itira'L s::ailer

anri thus require a snaller drj.I1ing rig. Ri6s nra3r be rr.ruck ..routrted, or a

large r,rast type, depending on the nature of the slte anC Cesl-red. future

use of the well,
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B_.. Con:'rentlonal Dri$l ng_liethods

Sefore drll1lrrg beglns, the slto ls prepred as a safety precautlon,

Thls le done by drlUlng holes f:.o::i 50 to l_00 fce'L f-rcn tl:e bc::e l:.ol^e"

Llquld cement ls then purnped. lnto these hoLos uruler pressure. Uhon hardened.

a surface sklrt 1s often poured. arouncl the dr.LlI ho1e, Thls makes the

ground- arounC. the hole otronger anfl less pre::rreabJ.e,, thus rcstricti'€ b-ot

rrater or steam which rnlght rolg::ate uprar.d.s alongsld.e the drl1l hole and. empt

at the sur:face.

The drllllng procedures prcsently used 1n the exploltatlon of geotherma3.

enerry are rrcry slmlIar to gas aniL oll drlIllng technoLory, Drl111ng mud. is
often used., as ln petroleum drlIllng, to rernove d.ebrls frora the drtil. blt and.

to cool ard. lubdcate subsurface equlpment, This "mud,,r usually a rnlxture of

bentonite, water, and. chemlcals, ls pumped d.orm through the fuiII plp and

blt and returns outsid-e the drl1I plper caq:rylng rock chlps from the bit,
hltren drilllng through porous or fissured. rock the drilling mud may escape -
into the ground rater lnstead or returnlng to the surface. In non-prod.uctlvc

zones the loss of mud may be controlJ:d lry' ihid;elrilg with sawdust, mlca

chips, etc. These materlals block srnalI cracks in the rock and. thus stop or

lessen the l-oss of mud. Hlgh pressure alr or uater has also been used. to r,,ash

drill cirips lnto flssurecl zones. fn production zones the loss of drl}l cuttlngs

anC/or nud. lnto the su:=ound.ing rock formatj-on can cause d.ecreased perr,iabillty
and. result in lorrered steam or water productlon. l,iud. axl drlII cuttings nay

later r+ash bacil lnto the conpleted productin rieLl causing danrage to s3,eam and.

aater sepe:=tioir equipri:ent, turbines, nipes, and. other ha-,-l-..a:-r,o The use of
dril-]-lng nuri aLso requires 'uire use of high pressure punps to circulate the nud

-i'-.---.-.\. .:r-.. .!---.1--r a)-n,..-*. i-- -ir., .'1.^ .a^,-.. a..- - . 
^...-l _r.--(.:.t*- L (LL:-.:-u -a,,)--'i C-lu- Lr.C.:-,I :'' !.Lf:r::l.t,.r:Jj.J' --il (,.:-U -U::.^ O- Z- i:A-)o
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The bore 1s controlled at all tlmes. l,leIl head equipment conslsts of
*rf

a drl).Ilng through valve whlch all-orm the bore to be closed when drtlllng

tooLs havo been wlthdrarnl d.ouble control gates, and a bLowout preverrter

operated. by remoto controls, If darrgerous pressures bulld. up the bLowout

preventor can bc cLosed. lnstant\yr &rxl the control Bates laterr whlle the

drllllng tooLs are stlll In the hole, The nost lmlnrtant controL measure,

howeverl ls the weight and coollng effect of the colunn of mud ln the

hole. The cooLlng effect prevents steam frorn formlng ln tho hole and creatlng

excess pressurer whlLe the relght of the column of mud. provents.stearn and

hot flulds f:ron enterlng the bottom of the dr1lI ho1e.

Lengtbs of plpe or caslng are used to ltne the bore hoIe. Thls prevents

loss of stearn or hot nater 1n non-produclng'aones, borehole contarnlnation by

cooler ronthe:rral watersl and s3-oughlng ln fractured. zohcsr The-caslng is

ceraented. throughout the length of the boro holo to the surround.ing rock,

Thls protects the steel from posslbLe co:roslon by thermal water and stops

the upward. fLow of the:maL water outside the casing. l'Jater enters the hol-e

thi-rough a sLotted Lirer srrspended. from the lower end of the caslng, or

the caslng ltseIf may be per:forated wtth {.t1E use of an in-hole mechanical or

jet gun,

C. I'iew PeveLoplrg.nts fn Geothernal Drilling Technolojy

ALthough the drt-}I1ng of geothermal tre11s ls very slnilar to

perto3-eum drllIing, geoihermal- flelds preseut some probletns not encountered.

in petroleum fleld.s. The hea't and. abraslveness found ln geothe::naL formatlons

are extrenrely hard on subsuriace equlptnent. This lneludes dlrj-Il bltsr valves,

cenents, caslng, ete, I'fuch of the conventlonal equipnent wlII not siand up

to the physieal characteristies found in geothernal sys'Lems'
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Although Cll11lng technolory and assc;,cj;,ted costs are ver? lmportant

to the d.eve)-opment of geothe:maI rosources, Ilttle prLvate research has

leen done ln thls area due to the rela',,1veLy small market for speclal

geothermal tools,l

The fuiure ocononlc d.evelopment of geothermal systens whlch have

characterC.stlcs *,hat prohlblte the use of present drl3-Ung technolory duo

to physlcal andr/or econonlc l1m1tatlons 1s depend.ent upon the d.evelope-

meirt of low cost dr113.1n9. kesently, the cost of dr113.1ng lrereases

very ::apldJ-y wlth depth and utll-izatlon of geothermal enerry at depths
'a

greater than J Ifir ls not economlc. The d.evelopement of lor cost driUing

to depths greater than I km wou1d. permlt much greater utillzaLilon of t.!re

heat enerry stored in the outer L0 I{m of the earths cnrst.

Plutonlc or hard netanorphlc rock al-so 1lmlt the use of prescnt

dr^i-111n9 techrolory due to erbrene Hear on subsurface equlpment. iilgh

temperatures associated. rith geothernral systems are aLso very hard on

driDing tools. As a result, costs may be prohlbltlve to development In

geothe::naI systems r.tth these geoJ.oglc cha::aterlstlcs.

The Ios Ala,mos Sclenttflc LCi:orates' iras r(:centi]' jleen cier,relopiirg

d-.111s i+hJ-ch bore through through rock by progressive neltlng raiher

than by chlpping and abradingr ?hls borer is electrically or atorllcally

heated.'uo Inelt through rock, As it rnoves, the molten rock hardens and

forrns a.nrobsldlan l-lire casing which is fused to surroundi-ng rock, There ls

no deb:ls to reinove frcn the hole and i.t wou1d nct be necessaqr to lnsta1l -
casing as tire gla.ss I1ner serves that p'.r:pose. liigh tenlerature rock

irnpro'res the preforinarrce of tl-re d_rj.11, unl-ihe eonver:tj-orral_ equilnent

preforirance.t.thi ch i s irrpeded by high te,.nperatures.
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A trro inch prototype has been developed whlch conslsts of a rnolyb-

d,enun shelll a tungsten tlp, and. a g::aphlte heattrg element whlch uses a

] kw power sourcer tiel-tlrrg r:ates have been sIow, 5O feet per day.

I{owever, cal-cuLations show that larger drlLls should have nuch hlgher _, ..

rneltlng rates as well as lrrcreased. enerry corrsumptlon efflclorr"y.3
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GEOTHERIIAL EITERGY COllVERS10N AND USE

A. Introduction

Powerplant constnrctlon would fo}low ln the development of a

6eotlhe:=ra1 system lf results are favorable froin the the previous

developuent phases of; e4ploratlon, test drl}[lng, production testing,

prod.uctlon drl1Lingr and fleld. d'evelopnent.

The tyln and. d.ogree of techrnlory used. in the d.oveLoplrent of arSr

partlctrS.ar geothe:anal systen i-s determtned. }argely by thc ty;rc of system

present(o.*., vapor-d.ornlnated., tiguld.-d.oninated., dry hot-roCl{s r and by

the cheraical and. physlca} char:actertstlcs of the stean, L1quld, and' rock

present ln that system. In genei:aI, respectlve lncreaslng technol-oglcal

dlfflcuLlty ls encounterea rrith the d.evelop;nent of rralnr-donlnated-, systerns,

11quld.-d.omil:ated., systensr ad hot dry-rock systens.

The techno}ory for the d.evelopmont and. exploltaiion of vapor-

d.orninated. systems, and. Supcr heated. 1-1quld.-doiirinated systens rith loa

chemlca-L content ls d.eveloped. to a high degree. Iioaeverl tbe technolory

used- in the prod.uctlon of porer frora 1or+ enthalpy hoi Haters and geotht::naI

n-aters of hlgh chemlcal content ls tn a pre-pllot plant stage of d'evelop

nent. The technolory for the use of hoi d-::'y-::ock systens is in t'he early

p3-an:ring and. erper5-nental stage.

Power generation fro;n geothermal enel.ry souI.ces ls dlfferent f=cn

fossil and. ruclear el-ectr:1ca1- generation ln several aspects' Gaothernal

p1anis r€qul-re no hoi'oox, bol1er, or furnace. lilnning of fuels, processingl

and transpor-tatlon io ihe plairt sl-ta is n!)!' reo-uired licxover, geot'i:e::;ra1

st.jan or rratef cannnt be t.::ansporied" Ove: iarge dislua,'ics' AS a:eSu1t,
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6eo'r,herma1 plants are "nine nouth" plants, Htth the generatlon facllitles

slted at the locatlon of of the geothermal fleld'

- Ceothe=na} powar productlon also requires a nuch larger volume of

st,:an than.does a fossl} or nuclear po;,rer plant to prod.uce an equaL ar'rrount

of electrlclty. This |s riue to the rela'uively lor teraperatures of gcotherirral

steara whlch results ln low converalon efflclency. The naxlmum the:=raI

efficlency of an ldeal heat englne ls

eff . ;,r.._ Ia ,
T1

wherc T, is 'uhe lnltiaL tempe::aiure ln d.egreos KeLvLn and. T2 ts the firal
I

't

tenpe::atur"t Th.r", for geotherry.l generatlonr as 1n the Gysers field in

Ca11forniauheret,=b52.5oKand.T2=?99,BoKtheresuI.t1ngnaH-rnurn

theoreilcal efflclency 5-s ?3.9 percent,z For a fosstl fuel p1ant, where

T, : B11oX and. T2 = 3I1oX, the na:dmuir theoretlcal efflclency wouJ-d' be
l--

66.1 percent. At tho Gysers, a vapor,iomlnated. fleId, only 14'3 percent

of ,,he heat enerry d.ellvered to '.,he turblne 1s converted. to electrj.clty.

At iiaira.keS-1 New Zea):and- the hot water systen prod.uces 2l+ percent stean

an. ?5 pereent hot rater by wclght , J) petcent of iotal heat produced. 1s

ln tha steam '*h11e 41 perceni is In the r;ater, Thus the overall efflcleney

of electrical proCuctlon froin heat produced. at the weII head. 1s
2

,59 . J4,) i,B r:ercent.'

2... CcnJ::niiona-1 U.s:- oi En-err{y in Va-rrg.r Qg*}gted S-vr:tens

,rif, preseni, "d:Xr stean" geothernal- s3lstl,ns are nore easily e4llolted-,

ln brth t,echnoio5ical and ecoironlc, tarns than ar-' "ho'L tratei" and "d-lcy

rock" geo'Li:apa] sys'Lems. ?his is due'uo ihe narulLl'o oi the St?a--r'
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In bcbh Lardel1o1 Italy ard. C5rsers, Ca)-lfornia, the only two ilno;rn najor

d.4-v stea":r fieldsl the stean ca:=les rirlncrals, wetness, and. noncond-enslble

gessrrs ln anounts sna1l enough to allow dj-rect use 1n a conventloral

l-ov pressure tu:rbine-generator rlth 11tt]e ^orlor treatnent'4

The stean gatherlng systen of a "dry' stean geothernal fleld- ls

Ceslgned. to d.eliver stean to 'r,he gerreration faclllty free of nrolsture and.

parLlculato natter, rlth a nlninun pa.acticable loss of eaerryi'Iiear each

reLlhead. ther^o ls a device to sep6i:atc particulato matter fron the stea:n.

At the Gysers, centrifugaL t34le seporators are used. whlch renove parllcles

d-oan to 10 micr-ons ard. arc !! percent efflclent,5 *'u"= parilculate renoval

at the r.rellhead., the stean 1s transporbed. to the power gene::ailon statllon

via lnsul-atedl steel pipes usually loeated. abo're tho grouttd.surfaee. To

prorrl-d.e for 'uherrnal erpansion of stean Ilnes, verbical or horlzontal ex-

panslon l-oops arc spacecl at regular lnterva]s along the stean 1lne'

It ls not p::actlcabLe to transport steam over dtstances greater than
la

oite n11e,o Thuse stearn t::ansporLatlon LLnl'"ations deflne the no<lnuItl area

frotn which steam may be d.ellvercd. to power generation faci Iitles ln arly

geothe:ma1 fleLd. uslng ,dfryn or flashed steam to gene::ato electrlclty'

Llmlts-tlons 1n steam supply to a parLlcular site 1n a geothermal fleLd'

has resulted. ln geoihe::ca] poller plants of rclative1y snaIl slze, not

e:<ceedlng 110 nega'ratts at any sl-te.

At the Gysers there arc 10 gene::atlon unl-ts Located. ln lnlrs at

J genelation statlons. Each station draws steam from an area definad'

by steam line linitatlons a.nd. field. produciion characteristics, Thus,

al,;irough eacir statlon ls rel-atively sinaLl, a geotherna-l fleLd' nay prod'uca

l-arge anounts of po'aer d,epencling on ihe size of the flel-d' and' the nu-nber

of s'ia'uions ins"alli:d'
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AttheGysersand'atlard'ellolltaly,convantlonal'}owpressure

turbine ger:cr-ators aro used. to generats el-ectrlclty' Cor"d'enslng steam

'uurbines which exhaust below ataospherlc gressure are used to utIIlze ihe

enerry of the steam over a larger tenpei:atu::e rangs, thus increaslng ' -'

efficietrcy.

Thlslsrloneblrplacelagacondenserattheexhausterd,ofthotu.rbln;.-

The co6d.eBse? creates a \racElm whlch a}lows the stean 'i;o exlnnd over a

larger tenpe::ature rangs than would otherslsc occur'

In the plocess of cond.enslng the SteaIE, a great ariount of h.-at ls

released., Thls heat nust be tr^ansfered. to the atnospherc or soxls cooLtniS

Dagrllun. There aro thr,ee taslc tylrcs of eoollng nethods lnvolvad'' Tbe flrst

ls the dry coollng vhlcb j-s s1ml1ar to an autooobile ::adlator' No Hater

ls erraporated. lnto the aLr and. the preformance of the coollng tower ls

a functlon of the ar,rbient dry-bulb tenpe::atu:re '

It ls also p,osslble to lniect the waste heat lnto the atmosphere

via the use of a Ret coollng torer tn whlch 1lquld' ls cooled by dlrect

contact wLth the air anrd. by evapo::at1on' I'let towers consulne very large

anounts of water due to evapor3tlon, howover, they are Eore efflclent ard'

less expenslve than dr1y cool-lng torers,

The thi:d. t34pe of cooling rirethod. ls to use an outsld'e soErce of rrater

such as a lako or Strean, and. pass that uater through the cord'enser and'

discharge the heated. water back lnto thc boqy fror'r which lt cane' This

is genorally the least expensive and nost efflclent nethod' rhe::e sufficlent

anoirnts of rrater ars ava11abIe.
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condensed. geothe:ma} steasr raay contaln tomn, amonla, or other

chernlcals whlch rendor it unsuitable for dlsposa-1- lnto surface watars'

Such Is the case at tho Gyser:s, rhere wot cooLlng toxor bLordorm ls

d.eLlvered. back to the steaur producer who dlsposes of lt by reinjectlon

lnto the geothernal systen through a nonproduclng xelI.

(、
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G..ConventionaL uso of Energy fron Llquld-Donlnatecl systens

Ihe technology InvolvedIn the cxploitatlon of superheated' geothernal

r+aters is very slm1}ar, a}though nore comlilex, to the t;rye of systen used'

1n the erpS-oltatlon ,dr3r,, stea.ra systeno. Thero atro a nunbcr of hot-xater

geothermaL systens presently being e>qploited for eLectrlcal poHer prodlctlon

throughout the worId..l

The thenraL fluld. of a 11gu1d.-d.onlnated- geothermd systdrn must have -

certlan ptlyslcaS- arxl chenlc2L characterlstlcs to allow e:rqlotrtatlon wlth

conventlonal- stearn turblne-generator equlpnent. The fluld nust be super-

heated. to a teraper:ature whlch a}lows an economlc porflon of tha fluid to

be flashed to stean und.er pressure' Geothe:ma1 fluid. nust not have

concentrations of dlsolved. so1ld.sr..such as sio2 or caco3r rhlch are

excesslvllr high. If dissoivea solids are 1n high concentrationr the:'.

steam flashlng,process 111L deposlt SCale On subsurface and' sur:face

equlpnaent to such a d.egree that nalnteance and. redrLl-ung costs nake

exploltatlon uneconomic'

To utlIlze sulrcrheated. geothermal- waters, the fluld ls flashed to

steam at a pressure whj-ch ls dete::nined- to give the hlghest turblne

efflclency and tbo grcatest stean vol-ume prOduction' The flashing

pmcess occu:cs ln the borehoLo and. in the llquld.-lrapor selnrator'

At llaficakei., lTew ZeaAand. hot rrater nalies up about ?6 T'ercenL (by wefght)
,

of the we1lhea4 production after flashlng," Cyclone sepa::ators are used

at each wealhead. to flnlsh the flashing prccess and. to seperate the

stea,n fron the water. t'ryrr stea.n ls collected' at the top Of the separator

and. Cirecte,C. lnto a s'Leal Ilnc r+hj-ch'1s connected' to a ccnventlond stea"rt

iurbine-Senerator oo:rerhouse .
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llater separated. frcr,r tire steara nay be dlsposed. of by a nurnber of

rnethods.Itcanbere1njected'1ntothogeotherraaIformat1ontohe1p

rechargo the flulds of the s3rstern and. sl-ox subslstance, It nay aI

be flashed. to stea^n at atniospherlc pressure rdth the usc of expanslon

towers ad. mufflere. Ihls procoss produces large arnounts of stean and.

is tho nost notlclbLe fcature at nar5r geotho:mal- po?er p3-ants of thts

t3pe, the renaln:lng flula rhlch does not flash to steaur may be relnjected.

C.. New DeveLoP.nentf ln }ho UFe- of- Gootheryl Fteag !un4 }ig!. }iaier

1..- IntloSrctlon

There are many known geothermal systems whlch are cumentiy non-

e>qp1-oltabLe due tr,o thelr cheruical or physical cha^racteristlcs. "l{et"

( stearn can destrojr a conventlonaL turblne in mlnutes through the cor^rosive

effects of hlgh speecl trnrticles hltting turblne blades, Non-condenseable

gpsses reduce turblne efficiercy arrd' creata rnary problens for englneers.

Excess sca3.1rg ln subsruface arrd. surface equiprnent can cause dannage

ard. resuat ln htgh nainter:ance costs. If'btsa&.'fl.asiring carses ="riirg
in the borehole, restricted. stcarn productlon may uecessltate redrlJ-llng

the holen

2 .. lieat_ExclEuJrflgr-s.

Since most of the worlds hydrothermal systens at:o of the I'hotr waier ty1rc

rlth low tempe::atures andrlor hlgh nineral contentr and cannot be used.'

uith conventlonal stean turblne-generator equlpnentr lnorrati-ons have

been necessaaXr for thelr expLo5-tation. The use of a heat exchange:r to

pui, the ener€y of the thennal rater into arother hea,',ed. sub,stance {e.g.,

lsobutane) is an inovation in rhich the seconda:ry substance or absorbant

is used. to power a turbine,



-3-

P:cesently, the U's.s.B. Is ope::ating a 680 kw freon-base gerc::atlon

plant whlch utlJlzes water at BLoC.3 In the U.S' the l'iagma Power Corln::atlon

has d.eveLotrrccl the l'iagnalnax Pouer hocess'4

In th-is process the entlre flow of the geotheloal wells ls directed'

into heat exchange::s at trr::essures that do not perrnlt the fluld' to flash

to stea,n, 1nne lrdet ternperature of the f1ui4 can be fron LJJ -'1Ol+oC'

the. water glves up its heat ln the heat excharrger to another fluld

(".g., lso-butane) whlch 1s heated.l bol3-ed-, and' superheated'' The coolerl'

water is relujected. back lnto the reservolr fron rlhich It eame' This

rnaintaj.ns und.ergrourrd. pressures, prevents subslstance' arul reeharges

tire geothernal s5rstem.

Iso-butane, ln a.dd.itlon to other po$er flulds such as freorrs' has

the characterrstlc of having a Loir boiline polnt rith contrry:datively

hlgh p:rcssu:ce at low temperatures. The superheated. iso-butarrc ls

eirpand.ed. ttrmugh a turbire nhich then drives a generator' The exhaust

gas is cond.ensed. ln a rrater-cooLed. cord.enser to }Lquld' j'so-butane

and. ls then fed. back lnto the beat exchanggrst and' the cycle is repeated'

The bjf].uid cycle d.escr:Ibed. has nany adrrantages over the conventlonal.

steam turbine-generator systenl

l,Geothar.nal-watersarenotall0wecltoflashtosteamatarlypoin'''

ln the process" Thls p::events scaling on water conduction equlpment and

allorvs the use of geothe::rraI raters with hlgh mineral content for

pol{er Prod.uction'
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2. Slrrce rater 1s kept at fuII pressure lts gasses remaln 1n solutlon .

ancl are returned. to the reserrolr aLong r.d-th dissolrretl soIlds r''Lthout

sur:face water or atnospher{.c po3-lut1on.

), lltillzatlon of geothermal raters of low enthaLPy ls posslble

due to the nature of the secorula.rXr fIuld. used..

?-^_ HSLJ.c.al ScFc.w. Fxqgndpr

A new slrsten for thc use of superheated. geothemal stea.n has been
g

d.evelopeil by Roger S. Sp::arft3-e of l{ydrothermal Poner Corctrnrly, In tbls

na.chire, hot uater arrflor stean ls expand.ed. directl-y ln a scxell extrnnd.er.

A screw exland.er brtdges the gap betrean centrlfugal typo aer:odynanlc

: nachlnes (e.g., turblnes) and. positi-ve dlsplacement nachtnes (e.5', stearn-

. plstou englnes). It :nr,s at slorer speeds than d.o turblnes ard., as a
(

result, doestrt have the balance pmbllerns which turblnes exirlb1t. The

lnventor cl-alns that rdnem.J- d.epositlon fucreases efflclency by lapplng 1n

roto:r-to-notor, and. notopto-housing gaps. E:reess deposi-t Is continua'l'ly

. scraped, anay arrl exper{ence J.r[leates that ]arge scaLs Left try sol-id.

partlcS-es on rnoving interfaces are fl11ed. ln wlth mlner:a1 de1rcsits, -

Although colroslon arul erosion are problerasl they are less severe than

ln turblnes due to the bul-k nature of the exlnrd-er.

The helical- screw exparuler can use t'H'ettt geothermaS" steam or

superheated. yater. Oi,her ad.vantages are seen in tts hlgh efficlency of

f0 percent and. its ability to run over a rride range of porer loads at

a constant speed.,6
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The latter characterlstlc a11ors the systen to be applied. to a large

range of geothernal fluld 1nIet eordlttons found 1n varlous geothennal

fi;Id.s. The rlde rangc of power loads would also pbrrirlt the polier prod.ucer

to vary gene::atlon aecording to energr d.emand..

11... Plade1ess IErblnes

u.s. Fedral Englneerl-ng and. l,lanufacturing rnc,l of san Diego, cali-
fornla has deslgned a bladeLess turbine whlch uses "bound4r layer dr-agr to

rotate the turblnc sf,a^tt? ,'Bourulr3r 1ayer drag, ls an unrianted. effect ln
aeronautic design.. Howevor, the bLad.eless turblae uses lt as a source of

rotatlona-I torque rlthout funplngenent of partlcJ.es or 1lqu1ds upon the

flai; discs whlch produce the effect,

The bladeless ttrrbine has the advantage bElng able to utllIze
( "Iret" geotherraa} steam without danrage fron particulate or liguid. An4,

due to its slnpLtclty ln deslgn and manufacture, it woul-d, have a cost

appreclably Less than that of conventional turblno equipment.

―   /
ヽ



2_

3.

4.

5。

6。

_-:,-srF _

i(oenig, Jarnes B., 1973 , ';lorldwide Status of Geothernal
Resources D:velopment, in Geothermal Energiy, Kruger and
Otte eds . , ,3 tanf ord Press r P 16-58 .

l'luff1er, L. J, p.,,1973, Geothermal Resources, U. S. Geol-
-survey Prof . Paper 820.

Koenig, J. B. , 1973 l{orldwide Status of Geotilermal Resources
y€v€]opment, in Geothermal Energy, Kruger and Otte eds.,
Stanford Fress, P 16-58.

I,lcCabe, B. C., i.iarch 9, 1970, i. a l-etter to stockholders,
iriagma ilnergy Inc. , P 2.

Sprankle, Roger S., 1971, Geothermal Steam and the Lynsholm
Rotary Expander, description of patent.

Horvgrth, ,J. C., and Chaffin, R. L., 1971, Geothermal Energy,
Its Future and Economics: Special Suppli-ement to the
Atlanta. Economic Review, Dec. J.9'I , pl7-32.

Possell, C. Ro, BladeLess Turbj-nes A Geothermal Prime-i'lover
and Reinjection Pump, 1973, Geothermal EnergrY Magazine,
v. I, no. 1, p 2O-Z'L.

7.



_l、

t. The Util]zatron of -Cot, Dr:r Rock

- L. Introduction

The utilization technology for dr1, rcck geotherr".al systems

is not presently developed on a producti-on or pilot plant basis'

ff methods carl be developed to recover the heat energf of hot,

dry rocki, the energ,y reeo,rerable from this source is estimated. to

be 100 to 1000 times that available fro:n potential hydrothermal
.|

syste:ns.I Assuning hot, dry rock systens are technically explortable,

geothermal enerry could become a naior source of electrical energl

for rmch of the U.S. Estirr.etes of U.S, geothermal resources have

been p■aced as high as ■2x■06 megawatt― centAl,ies lnth the uti■ i“

zal,Jl:on of hot, dry rock and recent volcanie systerns.2

. To utj-Iize ihe heat enerry of a hot, diy rock systen efficiently,

it is tlecessary to create a large heat occhange surface area in a

geologic structure, because of the lor,r thermal conductivity of rock.

Therefore, aIL proposed technologies to utilize hot, dry rock systems
. - -:, -- --:..

involvei fracturing the hot rock, passiag a heat absorbant fluid

through the fracture zone' and using the heated flur-d to drive an

energ)' conversion -device. The tr,ro r:ajor systems proposed to exploit

hot, dry rock geother:nal systems differ in the i'ray in r^rhich the hot

rock is frac-r.ured.

2, Ii-.,,'draulic !'racturing

'. ii;rdraulic fracturing is begu:r by dnllrng a bore hole r.rel-L into

the hot, rocl< structure. 'i'raier js then pr:-'npeC into the bore hole at



hrgh pressDrer llhen sufficrent pressure is reached, a tensila

fracture r,riII form and inerease in size as pumping is continued. 
.

- The usual result of hydraulic fracturi:ag is a radiating Cisc-shaped

fracture, which may be up to several )cilometers long but only a few

centimeters wide. The plane of the disc usually has a vertical

orientation due to the geometry of stress conditions found in the

pressuJized ho1e,

After the crack has for:ned., a second hole would be drrlled to

lntercopt the upper portlon of the disc-shaped. fracture, llater would

then be pumped doi,rn the first hole and eirculated tirrough the fracture -
to absorb heat. The hot water woul-d then be retrieved through the

second hole and circulated through energy conversj-on equipnent, After

the heat enerry has been ex-traeted at the ground surfaee, the eooled

lrater can then be reinject,ed into the "dor,m" hole,

Water in the liqurd phase r.rou.l-t be used to bring the heat enerry

to the surface, As nueh as 10 tines nore thermal energy may ba

transm:itted up a pipe if the r+orling fluid is r'rater rather than steam.3

Because the water can be carried up the hole at fu11 teqperature

lrii,hout flashing to strean, the '.,re11s are less likely tr,o plug frorn

drssolved sa1ts.

ft may not be necessary to purap the cool raater into the "dorn'n"

hole, ?he cool Itrater would be considerably more deirse ihan the rising

hot r,;ater. The differentral weigh'' bet'rreen the tllo col-,.:::ns of l,later

r'lould zenerate air autortat,lc p'anclns pressure of se.reral hundrad pounds

pei squere ineh.
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A biflurd. systen of enerry e,>ctraetion at the surface appears

to be the nos.r, practical at this time. Thermal enorgy uould be

transferred in a heat ecchange to another fluid such as isobutane

which lrould. drive a turbine. (See Ch. Ir Part D2)

There has been no field experience in hydraulic fracturing of

geotherr:al resources. In a dry rock geothermal system tho results

nay be different than described above for two basic reasons. One

of these arises fron the fact that most drXr roek geothermal systerns

are thought to be composed of inhonogeneous granitic rnaterial'

Thus, fractures reay not develop in a s3rmetrical fashion. ?he seeond

is a conseguence of ther:nal stress induced by utilizinS cold rsater

to hydraulically fracture hot rocks. The differential shrinkage of

hoi rock as it is cooled by inflo'oring vrater is expected to induce

additlonal cracks which may propagate themselves. For these reasons,

the fracture pattern is expected to be rnore compl-ex than it is in

non',.herrna1 rock. Thermal stress cracl<lng may cause propagation of

the sysiem over tiroe, and thus the fracture slr5tsm rBJI be self-

sustaining for ener4r utilization purposesr

3. jiuclear Stirimlation of iiot F'ock

Dry, hoi rock may be u'uiHzed by creating a highly fractured

zone irith nuclear explosives. This is done by drillin-: one or slore

bore hcles j-nto a dry geother:n-a1 forne.Lron, A nuelear dei'ice:-s fj-red

in eacj:. 6.rj-11 hole 'r,o create a fulI-r' containecl "chiriieS"' of frac'u1lr€d

roc!:. .A::othe:: bore hole is drilled to intersect the rop of t,he

"ehinne;;." ','iater is then punped ::-n'uo the "chirmey" ti:rou3h fi-Ilplpes'



\ heated, and. returned to the surfaee for utilization 1n por.'Ier

- generation equip:nent. The pri-mary cycle is closed due to the

presenee of radioactive elements in the heated waters. After

energ-y extraction, the radioactive water r^rould be reinjecied to the

fracture zorroo

Battelle l{orthwest, the Atonric Drergy Cornrni-ssion, American

Oi1 Sha1e Cornpany, and llestinghousc have condueted a study of the

feasibiHty of Plowshare geotherrnal poorur.4 The study coneluded.

that Plovrshare geothernal polrer r.ras technically feasible, and that

gnder certaix conCitions electrlcity could be produced for from

5 Lo 7 mr]1s/kr+hr. To explort one cubjc mile of rock at )5OoC

: cooled. to 10ooc, r,rhich r.rould produce )loo wl for ]0 years, on the

orCer of lto to 60 nuclear devices vrould be required to fracture the
( ( 

- 
ata6a --1 -1' rock.5 To be economic today the 35CoC rock would have to be within

lOr0OO feet of the surfaee and devices r,lr-i'r,h sizes of grea'uer than

200 KT r,rould be required,

The economics of this systerl are quite sensitiva to the eosts

of drilling and blasting, Large nuclear derrices (on the orCer of

1000 i(T) require l-ess drilling and blasting than does i;he use of

several srl:aller derrices, iiotrvel'er, the shock assoei-ated ',rith the use

of large deui-ees is subsiantial. To avoid this effect the detonation

of several snaller derrices has been proposed.

fn areas uhere i,opograph)r aflous, 'uhe construction of '''he pcr';er

genera'r,lon faeility on a barge in a canal- sys'uern has been p1'6pou"d'6

This r+ou-!-d allow the plant to be r.ri*'hdravm fron the r-:ene-r'ation site

ciuring further developnent of tire fraeLu:'e s;ysten. !'ield de're-l opnen'u
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may proceed over a period of many years if this systen laFere uSed.

If topography is not suitab■ e for a mobi■ e generation fac■ ■ity, the

‐
p■ant cou■d be bui■ t tO withstand the ground shock or a■ ■ Of the

dev■ces requ■red to supply the ■ifetine energy needs of the p■ ant

cou■d bo fired pr■ or tO p■anシ construction.

4. ■e Lrys五■16 Pr9ject

ln ■969 Dro Dav■ d B■ackve■■ Of Ыv〔U discovered an area of

abnorna■ ly high heat f■ ow near liarysv■■■e, 1lontana.  Heat f■ o7J in

this area has been neasll"ed as high as ■9.5 uca■/Cm2sec as compared

w■th an average heat f■Ow of ■.9 uca■/cm2sec for western Montana.

Dr.  B■ ackwe■■ estinates the vo■ulle of the heat f■ σげ sOurce tO be

Over 64kn3, .ess than 5km. ■n depth■nth te,peratu■ tes of 7000C at

2.5 kn depth.

If Dr. B■ ackwe■■.s estinates are accurate, the energy between

7000C and 2000C is sufficient tO support 4■ ,00o megalratts fOr 30 yearse

The hot rock wou■ d have a Fu■■ va■ue of 25 bi■■iOn dO■■ars.

Batte■■e North■rest has been given a $2,588,935 grant by the Nationa■

Sc■ ence roundation。 9  The funding wi■■ ,upport pllase ■ Of a proposed

two phase project to deve■ Op the resol,´ce at lfarysvi■■eo  Eatte■■e,

working with SOuthern IIethodist Universitぅ r and Rogers Engineering,

wi■■ investigate the nature or the anoma■ y and deternine ho■ r it night

be deve■ oped as an energy resource.

Under Phase l of tho project, the research tean l・ ri■■ exp■ ore,

dri■■, and ■odel the anom2■ OuS arOa.  This invo■ ves threc major

deve■Opnenta■ stOps which inc■ udO: (■ )A geophysica■ resource survey

consisting of heat flol.I and resistivity neasurertents, grav■ ty and



'(' infrared. surveysr and mj-croseismic analysis. Geophysieal data is to

be conpiled and anal}rssd to select a deep well drilling site, (Z) Drillirig,

cori-ngr and l-ogging a rvell r.rhich is planned to reach eitber a depth of

5OOO feet or temperatures of 700 to 900oF. (3) tne potential of the

resource rrill be evaluated. for f\rther e:cp1oi-tation. This will ilclude

physical and charnieal analysis of the eoresr analysis of the logging

d^ata, geophysieal nod.eling of the system, and well tests for heat

rernoved. This data is to be conpi-1ed to plan and prepare for phase fi -
resource developrnent, Phase I of the proJeet should be cornpleted by

' Oetober of L975"
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E. 0r Site Use of Geother:rral Energy

1, Introductlon

Geotherrnal enerry derives its major economic importance fro:n

the fact that it ean be converted to electricityr whi-ch can then

be transported to areas of energy use. However, in the conversion

of geothermal energy to electricity, power transnission, and

reconversion of electrieity to work, there are substantial losses

of energy. Ef,eetric generation and transmission systems require

high capita] investment costs. If energy costs rise sufficiently

in the future, agriculture, i-ndustryr and communities may develop

around geothermal enerry sources in order to rnake rnore efficient

and economic use of the resouree.

Multipurpose use of geothermal enerry may make geothermal

exploitation more eeono:nic and efficient. A multipurPose system

integrating power genera'r'iorlr larater desalination' and nineral

recovery from geothermal brines has been proposed for the fmperial

Va11ey area of Ca1ifornia.l The huge amounts of heat rejecied by

geothermal power generation plants could be put io loeaI agricultural'

rlornestie, or industrial use.

2. Space heating

Geothernal r.raters are u.sec for space heating 't h:'oughout the

world in a variety of situations. Therna] r,raters i'rhrch are presently

uneeono:ric to explcit for efectrical proiuction are ncst often used

for space heatrng purposes, af i,hou6;h nost hyCrothernal syste:ns can
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be used fOr thiS purpose.

Heating with geotherna■ WaterS Can resu■
t in subStantia■  Savings

■n fue■  COStS・   Geotherna■
Waters are be■ ng used tO heat hOnes in

lce■and, New Zea■ and, Hungary, UoSeS.R., the United StateS, and

■n Other cOuntr■ eSe

ln lce■and, the city of ReykjaVik furnisheS geotherma■
 heat

for 90 percent Of the bui■
dingS W■th a COnsuner saV■ ngs Of 40 percent

Over the COSt Of O■ ■・    ThiS use of geotherna■
 energy representS

2200000 tOns Of O■ ■ per year and great■
y reduCes a■ r po■■utiOn S01lTCeS

resu■ t■ng frOn cOnbustion.  In the U・
So therna■  Waters heat hOmes in

Klamath Fa■■S, Oregoni BOiSe, IdahO, and Variols Other 
■ocations in

the WeStern States.

In the U・ S・ S.R. ■0■r entha■
py therma■ WaterS Supp■y enough energy、

to heat 2 x ■07142 。f greenhouseso  lce■
and, 」apan, and lta■ y a■ sO

use ■arge anOunts Of agriCu■ tura■
 heating Supp■ ied by geotherma■

energy.  Geotherma■  greenhOuse prOjectS, Sma■
■ in COttDariSOn tO

foreign deve■ Opnents, haVe been ConStruCted in Lakev■
eW, Oregon:

Wenda■ , Ca■ifOrnia: and Brady HOt Spr■
ngS, Ca■ ifOrnia.3'キ

In RotOrua, 1leVr Zea■ and a hOte■
 uSe, geOtherna■  ёnergy tO driVe

a LiBr heat punp WhiCh Serves as an air COnditiOner fOr the hOte■

.5

ConStructiOn cOStS Were COnpetitiVe W■
th COnventiOna■  a■r COnditiOn■

ng

syste■ s and Operating cOStS are 5 perCent Of COnVentiona■
 systen COStSo



4. Industrial Use

The direct use of geothermal enerry in industrial processes

has been some'what limited due to the "mine-mouth" status of direct

geothermal use. However, risrng energy costs rnay make low cost

geothermal evergy more lucratlve to o<ploitation by industry in the

futureo Any industrial process whieh requires direct use of heat

or steam could conceivably use geothennal enerry in its plant

operations o

The Tasrnan Pulp and Paper Company in Kalrerau, l'[ew Zealand uses

geothernal stean for tirnber drylng, log handling equipment, and

for genera-r,ion of I0TOOO KtI of electricity.6

In Japan, geotherr,ral energy is used to produce salt from sea-

water by evaporation.T A plant in llamafiall, IcelanC uses geothermal

steam to dry deposits of diatomite.S

Due to the ability of hot'nater to d.issolve and carry minerals,

geothermal water can produce ehenieals or minerals which are in

sufficient coneentration to extract eeononlcally. In the past, dry

ice, boron, and various salts have been ortracted from thermal waters

conmercially. Future geoiirernal developnent may be aided by the

extraction of valuable by-products sueh as potassium, Ii-thiu:n, calciurn,

and other metals,9

5, P-eereational iise

The utilizaLion of gecthernal springs fo:' health purnoses, bathin6'

and recreaiion dates to aneien'" civilizations and constitu'ues a con-

siderable revenue sourca in sorne areas of the r+or'ld. ln l'lon'u"*nar there

are fj.fteen coirJirercial estabij-si:nen'"s rihich adveriise geother:nal pcc1s,

nud baths, and stean roo:as to attlact loeal and tou:'i sl: trade"IO
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Chapter II - ENVIIi.0NMENTAI_, IHPACT

INTRODUCTION

The envlronnental inpact assoclated. rlth the developnerrt. of a
partleurar geothe::naI systern wirr be largely d.eperrd"ent upon a. nunb.e,n:

of condLtlons found. at the slte and. upon the type and d.egree of
technoLogT used. to d.evelop that slte. Because geotherrnal flulds
canaot be transported. effrelently c,rrer d.lsta.nces grea.Ler the.ii one

nl1e, geotherraar energy conversloa and/or dlrect use must oecur at
the resource Iocal. Thus, geothermar energy use rs, by necessLry, a
"nlne nouth* sltuatlon where energ'Jr use or converslon nust tal<e place
at the resour?e slte. As a result, the maJor porilon of environmental

irpact due to geothennal d.evelopnent xl1I take plae e aL or riear the
locatlon of the geotherrnal resource.

The typo of geothernar systen prese't, (u.g" vapor-d.onlnated.,

11qu1d-d-onlnated., or hot, dry roek) wlrl determlne, to a rarge extent,,
the type of erploltatlon technology used.. Thrts, the envlronmental
lnpact of d.evelopment wir.l be largely depend.ent upon the physlcal
nature and chenical characterlstics of the system. other physlcal
factors whlch lnfluence the lnpact of d.eveloprrent wourd lnclude the
blologlcar char:aeterlstlcs of the arear hydrologlc factors, geographlc
locatlon, dernographlc consld.eratlons, neteorologlcal condltlons, and

other geologlc characterlstlcs. The aesthet,Jc,. reereatlonal, hlstorlcal,
lndustrlal, nlneral rescuree and other poteir.Lial land uses rnust also
be taken lnto conslderatlon prlor to the development of any geothemral

resouree.

The thlee basjc types of

envlronmental eonslderations,

geothenial syst.cirrs pr.o3uce rLlfferent

Vapor-d.ontnated systems produee steaa



rhlch ls relatlvely free of elements and other gases, whlle i'lqutd-

dornlnated systens often prod.uce hlgh1y nlnerallzed naters. ''The

exploltatlon of llquld.-donlnated systens nay produce subsld'enee effeets

not encounterecl in the development of yapor-donlnated. systens, Explolta-

tlon of hot, dry rock nay prod.uee a nunber of very cllffererrt envlron-

nental effocts relatecl to the technology of ground pr€palatlon (e.g.

nuclear stlnulatlon), Geothe::nal d.evelopnent of an 8'r€a xll)' generaLLy

folLow a sec{ue1ee of explo3atlon, test- drll-1-!ng, produ-ctlon t'estlnS'

fteld d.evelopnent ancl plant constmctlon, energlr produatlortt and posl'

plant opcratlons, eaeh wlth lts own type anal lntenslty of envlronnental

lnpaet,

PRELIMINARY EXPLORAT10N

The environmenta■ impaCt assoCiated With the pFe■ ininar,「

exp■oration fOr, and なeOphySica■  analysiS Of, a geotherna■  Syste■
 iS

dependent upOn the ■OCa■ity of exp10ration and methodS Of eXP10ratiOn

used.  The exp■ 0ェ`tiOn of potentia■
 OF knOWn geotherna■ resourCes is.

designed to 10Cate and define ecOnoniCally exP10itab■
e geotherna■

reservoirs.  ExploratiOn aCtiVities nay 」_nC■ude geophysica■  Operations

(See Chapter I), ari■■ing shal■ oW tenpё.`ture gradient wel■
S, COnstmc―

tion Of acceSS roaas, air borne exP■ OratiOn, and cross―
country transit

by foot, Vehic■ e, Or aninal.

Whenever there is increased actiVity of hunans a■ a nachirlery

in an nTea, there is coニ ュeSpOnding danger fro■ aCCidenta■ fOrest fire

or brush fire.  In 14ontana, the developnont of any geother■
al fie■ d iS

expected tO be most rapid during the Wa_1. s・anner months When the fire

2



hazarrl Is hlghest" sparks f::orn equlpnent, burnlrrg of uaste, and

carelessness na3r result ln aecld.ental flre. It ls assumed that the

.flre hazard rouLcl renaln the sa,r'oo throughout al-I phases of d'evelopnent

of a 6eothe:mal- s1te.

Durlng the exploratlon phase, shallow geothe:maI gradlent

holes rl11 be drllIed. Gr^adlent hoLes shoulil be capped. xhen not..tn'ase

to preveat snaLl anlnaLs fror faIllng lnto then and to prevent lnJury

to l-arger anlmaIs.

The actlvlty of ]ow flylng heltcopters and. alrcraft, used- for

ther:mal and. nagnetlc su:rreys, and for the collectlon of geologlc stnrc-

tural lnfonnatlon would. have a tenporary effect upon larger anlnals ln.

the area'and rould. be cl.lsturblng to human lnhabltants.

The lnpact of geoerplo::atlon rould be d.ependent to a large

d.egree upon the present l-and. use of the area ln questlon. Host surface

expLoratlon requlres a physical- presence upon the land" fioadless or

wl16 areas woul6 be subJeet to lrreverslbie envlrorunerital lnpact lf lt

Here necessarJr to tml]d. aecess roads for gradlent drllLlng and other

6eophyslcal lnstnrnent vehlcLes. Increased use of preexlstlng road.s

xouLd. lncrease Ioca1 d.ust, nolse, trafitx, ete. fol the d.uratlon of

exploratlon actlvltles. Other exploratlon actlvltles wou1d lnelude

the lntenslve use of tral}s, renoval of vegetation for an exploratlve

site, and. the novenent of heavy vehlcles and equipnent cross counttT.

These acttvltles nould result In lncreased runcffo eroslono strean

sed.lmentatlon, l-oss of habltat, and xj-Idllfe. The result of exploratlve

actlvlty could be vlsually observable for a nunber of years, depend.ing

on the site.



Exploratlon Upon land.s ln the control of elther the U.S, Forest

Serylce or tt$e Bureau of Lantt. Management would. be subJect to 'r.he rules

and regul-atlons of the ageney trusteit wlth the adnlnlstratton of that

Iand. lltl-d.erness areas are an exceptlon to thls n1e. The !{llcterness

Act of 1964 al-lows the area l-and. Eanagenent to exclude motorLzed vehlcles

fron rllclegress areas to nalntatn the character of the &rea' Thus, nany

mod.es of exploratlve practLces are e)'.cl-ud.ect fron use 1n wllclerness &reas o

Furfher, all nlneral rlghts In wlltLerness aJfeas nust be establlshed

by l-983 on the basls of exploratlve d'ata. As a result there xould' be

no expLoratlve rork d.one ln dcslgnaied. xlld-e:rress areas past L)B),

Exploratlon uPon prlvate ]ands Is, of course, !-n the control of the

land onner. Ailnlnlstratlon of state lantls HtIl be dlscussed ln Chapter III.



TEST DRILLING PHASE

A. General

After a lease or other explottatlon rlghts have been obtalned,

test d.rl}I|ng 1111 be conclucterl. ln the geothermal area xhlch has promlse.

Locatlons for the drlI}lng of test wel-Is w111, be chosen on the basls

of explorativc geologlc and geophyslcal data, The l-ocatlon of test reI1s

and access road.s therefore nay be ln confllct wlth othcr sudace use.

Confllcts of lnterest nay be aeute nhere the oxnershlp of the surface

and ornership of the geothe::mal "extractlon rlghts" are not helcl by the

sane entlty,

' Test d.rll}lng equlpment usually conslsts of a tmck mounted

rlg antl. portable alr compressor or r+ater PunPr depend-lng on rhether

drlIllng Is done rlth alr or water. The d.r111 slte Is cleared of

vegetatlon and ls gradedl to a flat surface. "Hud" PutlPSr "mud.'tanks,

generators, dr1L1 plpes, racks, tool house, and other equlpnent are

usually located. on the drI1I slte. Storage 'banks for fuel. and water

may not be on the flrl}1 pad, however they r*ouId be located ln the vl-clnlty,

Test d.r111 pads requlre a leveI area of at least one half to one acre

to facllltate equlpment use. In rouglr t.erralnr aeeess roads and pad

preparatlon na1r requlre b1-astlng and conslderable grad.lng. Resultlng

lnpact upon the surface of the area may be substantlal-.

Geothezmal anonalles are connonly located. ln areas of hlgh

aesthetlc va1ue, ThIs ls prImarlly the resrtl.t of a correlatlon of areas

of recent volcanlsm and tectonlc move:lnent r+1th geothermal systens. The

aesthe'ulc value of an area r+ould. be d.egrad.ed. wlth the advent of drl1llng

due to road. bu11ding, slte preparatlon, and. tlre locatlon of nachlnery

|  _
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and. nen ln the ar€a.

Test drl1Ilng woulc[ a].ter the recreatlonal value of the area,

'The use of drC-ll rlgs, a1r compressors, pmPsr earth novlng equlpnent,

and. other machlnery rould requlre lncreased. nolse leve1s whlch rouId.

resu1t1nad.1recta.d.verseeffectupontheuSerSofthearea.B1s

gane and. other anlmals nould. leave the area as a rcsu.lt of nolse and.

othcr actlvlty. !\rrther, irlIdllfe natlng and. nlgratlon nay bc dlsnrpted

1n sone areas. At Gysers, nolse from the ilrllllng operatlon xas

measured at, ]ll?:6 au(e) at 2J feet anit 55 db(A) at 1, !00 feet ,1o It xoul-d

be neeessary to control the hours of drlIIIng operatlons near populated

areas.

Geothermal drl1lIng and. other assoclated actlvlty nay lrrcrease

the recreatlonal use of an area. Constmctlon of roads lnto an area

prevlously non-accessable to vehlcles eould lncrease recreatlonal use.

?he novelty of geothermal resources may also add. attractlon to an area

for recrcatlonal purlroses. The presence. of drlI1lng actlvlty, ventlng

stea:n, large steam plumes, and assoclated nolie has created

a substantlal tourlst attraetlon at rrany prcsently developed. geothermal

sltes,

As a result of physlcal land noillfleatlon, surfaee waters r,ay

beeome degraded as a result of clearlngn earth novlng, antt drlI1lng

operatlons. These lmpacts rould be temporary ln nature but could result

ln locallzed. danage to flsh and wl1d1lfe.

Bloxouts of uncontrolled thernal waters or steann would ereate

*db(A) declble value neasured. uslng an A welghtlng netuork of a
stand.ardlzlng sound. meter. Thls systen ls used. ln the enforeenent of
the Occupatl-onal- Health anC Safety Aet of 1970.



an envlronlnental hazard. ln the deveLopment of a geothermal arc&. lrlhen

a blor,rout occurs, lt Is difflcult to hand.le due to tlie temperatu.re of

the thermal fluld. However, unIlke petroleum drI1Ilng, ther.e Is no

'd.anger of flre. The posslbl}lty of mlshaps durlng the test drlLling

phase ls gneater than ln follow1ng phases due to the unfanlllarlty wlth

subsurface geoJ.oglc and physlcal cond.ltlons. However, blowou-ts cou}d.

occur durlng all ensulng phases of geother:naL d.eveloprnent and. after

aband.onnent of operatlons.

In addltlon to blowouts at.or near the drlIl hoLe, thermal

fluld.s nay enrpt sone d.lstance from the borehole as a result of dr11l1ng"

The posslble.effects of blowouts and. other r,lshaps lnclu.de

pollutlon of alr wlth gaseous and par[lcu]ate matter, pollutlor of

surface raters, poII-utlon of ground. raters, noise pollutlon, xastc of

the resouree, and safely hazards to the work crew d.urlng the bl_owout

and. d.urlng controL procedures. The prlnclpal effects of the ehenlcals

and gases contalned ln geothernal flulils wll-1 be dlscussed. la.ter ln thls

A1I of the naJor hydrothermal systems which have been

developed for power productlon have experLeneed. bLorout dlfflculty.
At Lard.erellor ftaly blorouts oecur regul-ar1y d.urlng drll1lng, Because

of the eaveraous geologlc strueture, d.rl11 crei{s often experience l-oss

of eirculattng fruld.s or "nud". Thls causes the hydrostatlc hea-d. of

clrculatlng flulds to faIl belon that of the steam. Shen thls happens

the steam cornes up the plpe resultlng 1n a blowout. Equlpnent and

techrrlgues have treen developed. at Larclere]Io to brlng the well un.ier
,.)

control.'t 
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?hree blorouts have been reported. at the Gyrier:s, Ca).lforn5'a

tn 195?, !//0, and. Lyl3, There have been approxlmately 100 weLls

0r111ed. at the rysers fron L95? lo LVD. The 195? blorout was :

attrlbute6. to lnad.equate caslng ancl landsIld.lng" As of February lylJ,

the blorout ha.tt not been controlled.. Durlng the lt.!-year per5'od lt ls

estlnatecl that thts bLowout has ernlttect g r,rIl}lon t.ons of steanu, 
'+1000

tons of hyclrogen su1f1d.e, 5'000 tons of amonle, and' 51000 torrs of

methane. The energ.y resource loss ls approxlntately $125rCrO6 pery uur,4

In 1!f0 another well bler out through a fisslre 55 feet fron

the- we[- head. Cenent was lnjectecl lnto the well caslng over a per{'od'

of ten d.ays to control the blorout. The neII was sealed and abandoned'

.]:nLTDalandslldeapparentlyruptured.thecaslngofa

proctuc$g weu-. A stea^m expl-oslon oceured. r+hlCh '*"rtt"a ln ihe

formatlon of a crater. flfty feet across.

In the developnent of the Halralial fleId tn Nen Zealand. approxl-

uratel-y l-00 wel-Ls rere d,rl11ed d,urlng the fLrst years of developnent"

0f these, two wells were abancloned. d.ue to b]-owout.s durlng drl1Ilng a::d-

another was aband.oned as a result of a bl,oxout after a few years of

steam production.

Dur1ng the t1rl11ing of Bore 26 at Halrakal a break In the caslng

occured- at 5OO feet due to subsurface fault s1-lppage./ lllthln a fer

days steam d.lscharglng from the area lncreased substantlaS-1y, A second'

s1lp occured. and was fo11owed. by an exp)-oslon and- flo''* of hot nud.

There Nas no l-oss of llfe* holreverj, there were:itrjurles. After d.ri1]lng

equlpnent had. been removed fron the d'r111 slte, another exploslon

occured., coverlng the drill slte xith 5 feet of rock and mud, The

― |
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blorout was eventually controlled 'by drll]lng a d.evlated lrole to

lntersect Bote 26 belor the caslng rupture. Cernent and gravel rere

purnped lnto the second hoLe to seal and. control the blowout,

Other geothernal blorouts have occured. ln North Aner1ca. These

areas lnclucte Ce:ro P:rleto, Hexlco; Klanath Fallso Oregoni and. a few

sltes ln Ca1lfom1a. A1so, three cappedt xeIls lrr Beoxawe,. Nevad.a

have been d.ynanltecl by unknown persons" The Nevada rel1s renalned

uncontrolled. for a number of months, horever, enlttant rat,er was of

sufflclent quallty for sur:face lrrlgatlon"

HeII bl-orouts present a tlanger to people J-n the are&( 6as well

as degra.d.lng the qua)-lty of alr, surface watero and-:ground- rater resources,

The severlty of the envlrorunental- lmpaet of a blowout would be depend.ent

upon the physlcal nature of the blotout, the chemlcal properbles of the

stearr anct/or water,'alrd. the type and. degree of technolog'y arrd. cautlon

used. to prevent and control the nlshap.

B. Hot, Dry Roek Systens

The test d.rtl-11n9 phase of the development of a hot, dry rock

geotherrnal system r+ouId. ental1 nuch of the surface envlronmental lmpact

encbunteretl ln the developnent of a hyd.rothe:rnal system. Test drl11Lng

for hot, dry rock wou1d, ln general, requlre substantlally fexer holes

to d.ete:::srlne the powet productlon capabilltles of the systen. A1so,

due to the expense of drilJ-lng ln roek of plutonlc orlgln, the nurnber

of holes per proJect r,ay be fewer. Thus, the 'Lest drl11lng phase of

hot, dqg rock sys'beins rouId. generally have a smaller overall surface

lnpact,

The posslblltt:r of a bloxo.rt durirrg ttrls 1>he-:;e of d"evel.opr,ent

8



of a hoto d.ry rock system wouId. be remote. Hor.'ever, lf a hydrothernal"

systen not lnd.lcated by preIlmlnary exploratlon nere encountered., a

. bloxout couId. result. Other overlylng pressurized flulcls or 6ases such

as petrbleum or natural gas cou).d. also result ln a blorout.

PRODUCT10N TESTING

A.  Hydrothermal Systens    i

Prod.uetlon testing ls the transltlonal phase oceurlng between

test drll}lng antt. the potentlal eeonomlc d.evelopnent of a geothe:maI

resorrce. A test re1} xhlch has penetrated a potentlaLly productlve

zone ls testetl over a perlott of tlme to dete:mlne lts flox rate and to

cLear It of debrLs. Other parameters testeil lnclude: the chemlcal

conposltlon of fluld.s and assoclated gases, pressure of the well,

recharge rate, conpressiblltty, and other physlcaL data concernlng the

geol-og1c stnrcture and. lts contalned flulds.

The testlng of a hyd.rothe::rnal system requlres the ventlng of

wel]s to the atuosphere for perlods as long as several weeks or nonths, -
Thls ls done until the wel-I flow stabll-lzes at a unlforn Ieve1. DurLng

thls period. nolsc rould reaeh lts maxlnun 1eve1. Alr qud.lity problen

assoclated. rlth parblculate, chenlealsu and noneondenslbl-e gases

would. also reach 1ts naxlmun on a per well basls durlng the productlon

testlng stage of development. Conderrsed steair and./or hot r+ater enterlng

surface saters or hlgh quality ground waters eould also result ln

substantlal envlronruental fuopact.

L. Alr Qua1llU

Geothermal fluld.s w111 vary greatly ln content of ehenlcals

and noncon,lenslble gasss, depencii-ng l).pon the t;ype of systen present,

9



the geologlc mafteup of the area, the orlgln of the uaLer, the 'benperature

of the systen, and. other ln slte factors.

a. .Gases

Noncond.enslble 6ases are often ca:rled by geothernar fIuld.s.

These gases incrutLe hyd.rogen sulflde, carbon dloxlde, methane,

hyd.rogen, argon, nrtrogen, anonla, and. ra.d.on. vapors of borrc actd,

and nercur? Eay also be present. Although t-!re comblnocL totaL of these

Sases 1s usually less than three percent of tho stearo fractlon, they

can nesult ln substantial alr quallty degradatlon when reJeased. to

the atnosphere ln sufflclent amounts.

At the Cysers, Californla e vapor d.onluated geothermal fle1d,

the noncondenslble geses constltute from ,4 i,o !,% af the stearn

flor.5 0f thls B?,5% is c0rr 6,6% rs cnu, L,u76 fi?, !,d6 lnert, 4,Jf;
HrS, and 3.M wtt1. Although gases are present ln small- coneentrations,

some nay present a haza:rd. to hunan hearth, The bleedlng aacl ventlng

of noncond.enslble gases to the atnosphere d.urlng prod.u.ctlon testlng
and. cJection of noneond.enslble gases from condensers durlng poxer

prod.uctlon courd present a health hazard. to peopl.e on the plant slte,
Table rr-r tndlcates the toxlc revels of cerfaln gases for

conparlson to the levers of gases fourid. in the steam at cysers,

cal-lfornla; Lartlerello, rtaly; and Namafjall, rceland.. Hydrogen

sul-flde ls the most dangerous hazard., -belng present ln the stearn at
concentratlons fron 7 lo 2J the toxic 1eveI" Amonla is ano.Lher

posslbre health hazard, present at from 5 +,o 6 tlraes the toxl-c l evel

at the Gysers and Larderello, respeetlvely.

A hearth hazard courd, result rn a topographlc regron (u.g, nountaln

10



?abIe IT-I

Gases associated r,rith geothermal fluids at vari ous locations
and comparison l.rith toxic levefs in percent

Gysers 1/    Lardere■■o2/  Nanafjal■ 2/       Toxic
Ca■ifornia        lta■ y         lce■ al■d         ■eve■

98。 o45         98。 08         99。 43           …

■1242           ■.?86          0`■ 8            。50

0。 287          0o037         0・ ■9           -

0.299            - 0。 01          1。 00

ooo69          0.O■ 05        0・ 05          -―

Oo033           0・ 049          0o■ 4            ・002

H2°

C°2

tT2

CH4

■1.2

・ 2S

NH3

^^3P°4

.005

|

0。 025          0o033          -

oooo■ 8         0。 0075         -

t/ White, D. 8., (Referenee 8)

2/ calculated fron: Lindal, 8., (neference 9)
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val-Leys) where HrS cou}d. accunulato }ocal}y fron at geothernal

operatlon. H2S ls d.etecttble by humans at .0J ilpn (Ie5 ue/^3) 
"

Stanford Research Instttute used a bor.node'l to calculate the

posslb}e bulItlup of hytlrogen sul-flde and a^uonla ln a hypothetlcal

nountaln;vaLley oyer a pertod. of one dty.? Emlsslon rates frou

geothennal. slte were estlnated at 4!r0OO Ib/hr for hydrogen sulfide

ana 63rOO0 lb/trr for anonla. The box used xas 10 hn on a slde rlth

a helght or nlxlng depth of 0.3 kn. Llght xlnd"s, novlng h one

d.lrectlon through the 'nbox" al 5 tm/trr for 14 hrs" a day, slmulated.

noderate stagnatlon cond.ltlons Ln a mountaln val).ey situatlon. The

J.or speed. wlnds resulted ln a d.ally total vol-une of 200 cublc k1]o-

neters. One day's output d.lIuted tn 200 kn3 resulted ln a concentratlon

of 2500 u1/a3 for HrS and 3500 ug/^3 for annonla. 'J.'husl the concentrallon

for HrS rould be J0 times the odor ttrreshold n The odor threshold for

anonla ls 351000 ug/n3. The study lndlcates amonta aecurnulatlon at

tenth thls Ievel" At STP, 3r5}o ue/^3 liH, ls equlvalent to J0 ppnone

NH3° The tox■● ■eve■ for NH3 is 10'° 0° ppn.

Hyd.rogen suLflde ls oxlillzed. to sulfur dtoxld.e In the atnosphere

wlthtn 2 to 48 hours.'O ,U, and lts oxld.atlon prod.uct (SO3) are both

soluble 1n nater and can be washed. out of the a1r by raln, The formatlor

of acld raln fron a Large geotherrral operatlon emlttlng HrS could helP

create envlronruental hazanls qulte renoved. from the geothe::maI slte.

Carbon d.loxid.e ls present ln sone geothennal stean at several

tlnes lts toxlc l-eve}. Beeause its denslty ls groater tha:-r alr it

couId acou:eulate 1n topographic Iows. Hoxever, uhen vented. to the

atnosphere at.,.Lo:+ veloeitles eomponent separat{on does not take place.

12



Thus, ln nost sltuatlons carbon dtoxld,e should. not be a problen.

- Ad.equate ventllatlon ln tu11-dL1-ngs, cond.ensers, etc. uould prevent

danger fmn C0, bulltLup,

l'lethane ls present ln geothe:ma} flultls !n vaqylng anounts.

Slnce lt 1s J-lghter than.a1r, lt xould. not bull-d up to dangerous lcveLs

when ventetl to the atnosphere. It ls a natura'I product of blologlc

decay, and, ls oxldlzed. to rater ancl carbon dloxlde ln the tlpper atrosphere"

Ra,tt'on,agaseousd.ecayprod.uetofuran1un,1sassoe1ated.r1th

hot sprlngs antl. Ilquld.-dorrlnatecl systems. At present, thls source of

ra.tl1atlon has not been shorn to pose a slgniflcant posslble lnerease

to our present total ra.d.iologlcal burden. However, rionltorlng at each

slte shoul-d be requlretl to assure pub]lc heaLth protectlon.

Hercur7 ls present tn nost therlnal raters" Becauso of lts ablIlty

to vaporlze, 1t could pose an alr quallty problerl ln soine geothernal

devel-opments, although water quallty problens are Eo]:t; llilely to be

eneountereil as a result of the presence of raencura" Durlng productlon

testlng anounts of ne-cur7 nay beeone alrborne and pose a potentlal-

hazard. as long as the we1Is renaln vented. Hercury is ea311y "washed

out" of the atr by preci-pltatlon. Ars lt reaehes the surfaca, lt can

enter the food chaln causlng effects d.oeumented ln nany studles'

b. Dlssolved sollds and. other materlal

Durlng produc',Ion testing venting we11s rnay lnject large amoults

of partlculaie into the atnosphere" 'l{ell.s nay also be vented d.urlng

later s'bages of develo[rnent. This n:ay be done for cleanlng pul?oses or

It rnay oecur when the generatlon faclllty is "do'rrn". Thus, rhen conven-

tlona] generatlon netlrod.s are used, the ventlng of xeIls ray take place

'bhroughout the life of the p1ant.



r. A study conducted by the Urrlverslty of Callforrrla vras na.de to

determlne the elemental composltlon of partlculate ln the Gysers area

and. to d.etermlne lf the Gysers geothe:rmal plant had an adverse effect

upon that eomposltlon.ll No slgnlflcant d.lfferences Here found betxeen

upxlncL and donn wlnd sltes d.urlng sanpllng on a day wlth steady 10 knot

rlncls. Horever, on the second samp]e tlate rlnds l{ere llght and

slgnlflcant changes rere noterL ln partlcu1ate concentratlon fron uprlnd

sltes to doxnrlnd sites. Table II-II J-ndlcates slgrrlflca.nt J.nereases

ln S, CI, K, Ca, and Fe. None of the Gysers polrer unlts were ln the

prod.uctlon testing phase ln Hay 1y72. However, only one of the ten

unlts capable of prod.uclhg porer was on }lne orr l(ay 2J. Beeause nlne

unlts were'd.own", nost of the xells ln the are& wer-e bekg vented to

the atnosphere. Thus, thls sltuatlon slnul-ates the atr guallty

effects of the prod.uctlon testlng phase of a vapor-d.omlnated. geothermal

fleld.

Because 1-1qutd-donlnated. steara often carrles greater amounts

of partlculate than d.oes "d.rT" steann, the adverse effects of the ventlng

of these rells w111-, ln general;, be greater than the effects of ventlng

"drlr' steam. Due to the great chenlca-l- varlatlon found, ln geothernal

waters and. steam, the linpact of prod.uctlon testlng uould have to be

predlcted on the basls of water anC steam chemlcal analysls for eaeh

lncllvldual slte.

co  Meteor019gicalicOnsideratio■ s

The productlon testing phase of the developnerlt of a hyaro―

the.1.al system xou■ d inject ■arge amounts of ■oisture`  If this were

tO ocCur in ■ountain va■■eys or sinilar restricted air shedsf an increase

■4



Table =I二 II

AVERACE OF THREE DOWNWIND SITES、  ALL STACES

May 25, 1972
Gysers, Ca■ iforn■a

9:30-1■ 330 AoM.
S i"gni f j.cern

--b-s.le.e.iisi

Si

■1:30‐ 2800

Si

P

S

C■

K

Ca

Fe

604± 18■

745±224

507±■52

382± ■■5

80± 24

■76± 53

■84± 55

994± 298

503± 15■

400± 120

261± 78

35± 11

■14± 34

174± 52

生(nttm3)

-166± 29/4

・卜335±255

+297± 164

+72±■48

+65± 28

■‐■6■±55

+81± 63
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・1‐ 350± 207

+336± 122

+246± 79

+ ■8± 12

+99± 37

・
1‐  97」:57

ム  (%)i

-2■±38

8].■62

■/41±78

23±48

>  /134± ].89

> ].073± 367

79■ 61

33± 50

7± 44

525± 190

].673± 530

102■ 69

657■ 248

125± 73

770± 230

4■1±123

2■0±63

3■0±93

0■ 15

0±■5

■03± 3■

PoM.

750± 225

468± 141

64±■9

0±■5

18± 5

0±■5

77± 22
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ln huirldlty ancl fog cou1d. be predlcted.. If ternperatures i+e::e belor+

freezlng at the tlne, loea1lzed lcelng of roads ernrl vegeta.tlon couId

also oecur.

2. l{ater Quallty

Durlng the prod.uctlon testlng phase of

there rllL bc varylng anounts of water ln a

enter surfaee and./or ground. water systerne.

avall-able ls largely tlependeat upon the type of systeu present, clther

vapor-donlnatecl or Ilquld-d.onlnated. The ventlng of a vapor-d.onlnated.

systen would resul-t ln elther no eond.ensatc or a verJr sna1l anount.

Because vapor-donlnated. systems carr:y relatlvely sma1I announts of

dlssolved sollds antl produce llttLe eond.ensate upon ventlng, they have

a relatlvely sma1l effect upon rater quallty durlng the productlon

testlng phase. L1quld-d.onlnated systems proCuce large araounts of

llqulds whlch vary greatly ln thelr eheml-caI makeup and concentratlorr

of elements and. conpound.s. In general, the L1qu1d.s resultlng fror

Ilquld-donlnatcd systens are rnuch hlgher 1n chenlcal eontent than 1s

the condensate resultlng fron a "d.ry stearl" ,system,

Tab1e fI-IfI lnd.lcates the 1ar6e variatJ.on J.n cheml-cal rrakeup

of geothermal waters. It should. be noted that lt Is not IIke1y that

geother:nal raters nould be found. i.n Fiontana xlth dlssolved. salts

eoncentratlons slmlLar to those of Cerro Prletoo l{exico. However,

chemlcal nakeup should be er.pee'ied to \,&ry corlslderably.

To adequately deternlne the flot* and other characterlstlcs

of a "flashed stealrr" He1I, the water ls usual-Iy separated fron the

stearu durlng produeiion testlng. ?he effecb cf 't.hls ua1uev upon the

envlronment w111 be dependent upon th= fashlon ln xhlch It ls treated

a hydrothermal systcn,

I1quld state avallable to

The ano:nt of 11.quld rater
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Table II"III

CO14POSITIOIT OF GEOTHERMAL Π,邸

一
．

. Parts

The Geysers
(r)

Cal-ifornia

Vapor Dom.
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(z)
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賊

4  ,
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antl d.lsposed of. To avold. repetltlon the al-terrratlves for the

treatnent and dlsposal of the:maL llqulcls w111 be dlscussed. 1r,

chapter fI, und.er FuII Scale Development and Power Prod'uetlon.

3. Nolse

One of the naJor lmpacts of tho productlon testlng phase,. ls

the produetlon of nolse. An unmuffled rell ventlng hlgh pressure

stean can produc6 nolse neasured near the sourcG on the orler of ).)5 al(a).*

The threshold. of paln ls fzO af(l), horever, there are nufflers

avalIable to reduce thls problen. Expcrienee at the Gysers has shoxn

that nolse can be reduced. to 100 al(a) al 2J feet frou the vent.I5 At

a dlstanee of 1rJ00 fect the nolse produced fron a nruffled r+el1 xas

measured at 6J ar(a). For conparlson puryoses, a jet alrcraft prod.uces

fzS as(l) at Zao feet.

Greatly lnereased nolse Lcvels wouId. be d.lsturblng to resld.ents

and norkers ln the area of actlvlty. Heasurernents of nolse leveIs to

dete::rrlne potentlal health hazards and lesser, but objectlonable nolse

Ieve1s shoul-cl. be conducted..

b. Hot, dry rock

The physlcal process lnvoIved ln the prod.uctlon testirrg of a

stlnul-ated hot, dry rock syst.em ls not ava1lab1e ln the llteratura"

Because there ls no rater or steam eontained. ln thls type of syste:n,

there wou1d. be 1ltt1e to test for untll a fracture systen xere created.

and" water r*as:introd':cec1 t,o the systen, This technol.ogy xi1l be cllscussed

ln the fo1loxlng:,sectlon.

*al(a) 
d.eclbl-e value neasured uslng an A welghtlng net'xork of a

standardlzing scurrd neter. ThIs systein ls used ln the enforceiaent of
tbe Occupatlonal HeaLth e.nd Sa.fety Act of l-970.
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FULL SCALE DEVELOPMENT AND POWER PRODUCT10N

A. General-

If prod.uctlon testlng ancL alL other prevlous phases prove

successfull, the fuII deveJ.opnent of the geothe:mral fl.elil. niay fo11ot, -
Thls nould lncLutle drl11lng enough productlon wells for gereratlon of

porer, constnretlon of stea.n or hot rater }lnes, road constructlon,

tramsnlsslon }fu.e constructlon, porerhouse constrrrctlon, a:rd fJ.na}ly,

poger prod.uctlon. Thls process lnvoLves the long range connlttnent of

l-and. arrtl resou]lccs anil ln nany !.nstances, lnvolves an lmeverslble

lnpact upon the envlronment. The extent of thls lnpa.ct 1111 be d.epenilent

upon the total speet:run of problens related. to resource'productlont

converslon, and. transnlsslon, and upon the care exercised by a13- persons

lnvolved ln the devel-opnent of the system. If proper steps are taken

to lnsure a mlnlnun of lmpact, ln the developnent of geothermal eaergr,

thls source of energy coul-d. becone an lnporbant, relatlvelf, rronpollutlng

source of econonlcal3-y feaslble power generatlon"

B. Consti'uction

The deveLopnent of a geothermal. area requlres substantlal

nod.lflcatIon.and use of the surface of the Iancl. The Large aaount of

actlvlty lnvo]ved ln the constnrction of weIls, steam Ilnes, poHer Ilnes, 
-

poser house, and roads 1111 generate a broad. range of effects upon the

area lnvoIved..

1. Land Use

Perhaps the nost Inporbant eonslderatlon ln the d.evelopmeni of

a geothemial area ls Lhe change, tn-.}anfl'Use pa'ti,turns" Geothermal
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porer prod.uctlon tnyolves eonslderable earth movernent, nolse, roai'

constructlon, vlsual change, and alteration of alr and' water quallty'

Prlor to beglnnlng the constmctlon phase, a very extenslve arnount of

envlrorunental plannlng should. be lnvolvetL to lnsure a urlnlnaL lmpact

upon the land and lts uses. Hlstorlcal, aesthetlco agrlcultural,

recreatlonal, and other uses shoultl be consld'ered ln the naster p1-an

of the d.evclopnent. Although thc lnpact of d'evel.opnent upon thesc

uses would. be large, care on the parL of bottrpu'DlJ.c and- prlvate lnstl-

tutlons would. lnsuna a rninlnal lnpactc -

In te:ms of envlronnental lnpact lt ls nost useful to vler

the lantl. area used. to prod.uce and caEy energ'y to the porerhouse as

replacenents for mlnlng, o11 d.r1111ng, fuel processlng, transporLationo

a"nd. other slnIIar facllttles assoclated rlth the productlon of enerry

fron fossll or nuelear porer plants" llhen vlered 1n thls Eamlerr the

Iand. coruelttuent lnvolvecl ln the prod.uctlon of enerry fron geotherrnal

sources ls not as eonsunptlve nor potenttaLly permanent as are lts

strbstitutes. A 1000 nr plant nay requlre slx to elght square nl]es of

1aad, provld.lng efflelent utlllzatlorr.17 Te:raln, lease consld'erattons,

ard. o,,,her physleal factor-s eould. requlre a l-000 mlt plant to effectlvely

col'er ten to trielve square rntles,

In conparlson, ten square rnlles of strlpabLe coal l-and eontalning

501000 tons per aere coul-d. supply a L000 mw fossl} plant for approxl-

matel-y 100 years. Thls does not take lnto consld'eratlon the land'

requlrenents fcr trarrsporlatton or plant sltirrg. FurLhero geottrernal

l-and use ls not excluslve of other iatrd uses as 1s strlp mlnlngr nor

does lt entalI ccnplete renoval of the 1a'nd' surface.
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wlthln thls area, pads must be prepared .i'or the d.rl}1lng of

productlon we]Is. At the Gysers weLls are spaced at approxlmately

. one per forty acres averaglng about B l'Il{ per *"U.18 At Cerzo Pr1eto,

Mexlco, a "lret' stean systen, re11s are spaced. at abOut 10 acres per

produclng reII. Roads must be constnrcted. to each drlll slte for access -

antt nalntenance purposes. The constmctlon of drtl1 pads and roads

requlres the renoval of vegetatlon and., If the area !s of uneven

topographlc character, varlous a.Eounts of earLtl moveaent rrlIi be requlred.

Stean or hot water plpes nust a1so be constmcted. to carry heatt fron 't,)re

I{el1 over dlstances of up to one mlle to the powerhouse(

The constnrctlon of the power house and lts accessorlr faclllttes

requlres a level- area of consld.erable s!ze" Geothernal por*er plants

usually have rather ]on sllhouettes" Coollng towers located adJaeent

to the power house are often much larger than the generatlon facl1-lty arrd

rnueh nore notlcabLe d.ue to the large plumes of stearr whlch are created

In the coollng process. The constmctl-on of tr,orer l-lnes xould also

requlre vegetatlon renoval for toxer eonstructlon and. the reeoval of

trees loeated ln the path of the rteht-of-w3]',

Thls network of stea.n p1pe, access roads, a rau}tlpllclty of

stean plunes fron a varlety of sources, excavatl.ons necessltated.

by 6rl111ng operatlons, poHer house, anC. trarrsnlsslon lJ.nes are vl"sual

byproiLuets' of fuII scale developnent. Unforbunate}y, a geotherma)-

resource must be developed where lt ls found, lf lt ls to be utlllzed..

For thts reasoil , eerl-aln il.re3s of htgh scenlo, :iecreatlonal and. agrl-

cultural- va1-ue tnay, j.n the lnterest of a total quallty envlrorunent, be

exempted from geothernal developnent by state, county, and. feileral actlon.
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In areas of cl.evelopment xhere terraln ls rough, l.arnd. noiiifleatlon

becomes nost extenslve. Extenslve l-and. modlflcatlorr ls apparent at

'Ya1^ake1, Ner Zca1and, a )-lquld-d.omlnated systen. The developnent of

the Gysers has also resultecl In large amounts of earbh novement for

roads, drlII Pads, po$er house, antl stearn Llnes.

Ono posslble ray to nlnln1ze the lnpact of drllllng and stcan

plpe upon the surface of the 1and. woulcl be to dr11]- several devlated

holes fron onc dr:111 patt. Thls rou1d. lessen the nunber of drlIl sltes

requlreit as re1} as reduclng the nunber of plpellne bra,nches.

Although the d.evelopnent of wel1s and. ptpellne would, resu.lt ln

consld.ezable lanct alteratlon and aesthetlc degradatlon, lt should' be

noted that geothermal development anil other posslbie surfaee uses are not

nutually excluslve events. In Larderello, ftaly and ln the Broadlands,

Nex Zealanil., geothe:ara1 welIs and plpes have been located ln agrlcuLtural

areas rlth a nlnlnal funpact upon a6r1cu1ture.

An expcnd.lture of effort on the part of d.evelopers and. adnln-

lstratlve agencles to lnsure that geothermal d.eveloprnent harr,onlze xlth

lts su:round.lngs, wou1d. help lnsure a minlnal vlsual lnpact u.pon thc

area. Such plannlng has not been the case at many geotherirral develop-

nents throughout the ror]d.. The U.S. Departnent of Interlor wrote

the follcrxlng statement coneernln6 the vl-sua1- irnpact of the Gysers:

. "The hlgh vlslblllty of the Gysers d'evelopnen'u ln
callfornla deonnstrates a degree of visual lmpact $here
Iltt1e spaclal atluentlon has been glven to aesthetlc place-
ment of Lutl6lng.= and transmlsslon l1nes and rihere ca:nouflage
technlques trave no[ been used to blend plpellnes, transnlsslon
llnes or bulldlngs to the natrtral settlng."lp

It has been necessary to construct plpirllnes above ground to
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allor for thennal expanslon ancl. eontractl.on. At }Ialrakel, I,lew Zealand

the plpe expands 2? feel- rn the longest stean 
^*Ln,22 

Theraal erpan-

Slon loops are plaeetl at lntenal-s ln the steam llne. These expanslon

' loops often have a vertlcal orlentatlon to a1lor vehlcular trafftc to

pass undernoath the steam L1ne. The vlsual lmpact of above grornd

iitean llnes and expanslon loops oould be mlnfunlzed wlth envlronrnental

plannlng 1n the placeneat of xells anrL llnes. Further Lesseulng of ) -
lnpact xould be posslbl-e rrth the use of ca^noufrage teehnlques to

blend poxer prod.uetlon facl1ltles, plpe 1lnes, and. transnlsslon lines

wlth the su:round.lngs.

Durlng constmotlon there will be conslderable actlvity, nolse,

d.ust, etc" rf the geothe:mal slte ls renote, lt rnay be necessary to

const:rrct 1-lvlng quarters for constmctlon cret{s, and later for opera-

tlon enployees. Thls wou1d cause nore lnterrse uS€ of the 6.Re& arrd-

woul-d. requlre further sur:face use, popu.latlon lnpact, sanltary lnpact,

and' other accessory d.evelopments such as sna1l buslnesses, ::ecreatlon

faeIIltIes, etc.
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C.  Power Production fron Va,or_Doninated Sy● terlS                             ~

a.  Air Qua■ ity

lt is assunea that future use of vapor_dolninatea geothermal

systens would use conventiona■  stean generation equipnent for the

production of e■ ectrlcity.  Because "dry" stean is re■ atively free of

chenica■ s ana can be fea direct■y intO a stean turbine, the llse of the        _

stea.n ln thls nanner ls the least costly neans of productlon per klloratt.

There are three najor alr quallty problens lnvolved ln the

procluctlon of porer fron a "d.ty" steam systen. Ihe fk^st lnvolves non-

condensablo gases rhlch are present ln the stea'n and are InJected' lnto

the atnosphere tlurlng the power cyc]e. The second' Is the Large araount

of nolsture whlch.ls lnjected. lnto thc atnosphere fron cooLlng torers'

The thlrd. ls the aerosoLs anrl parblculate vhlch enter the atnosphere

as a result of ventlng rells or stean llneso 
-

Non-eond.ensable gases are drawn fron the dlreet contact conilensers

whlch 1lqulfy the steam after lt has passed through the turblne. These

gases are elther dlrectl-y eJected, lnto the aturosphere or are ca':rled'

to the cooLlng towers where they can enter the atnosphere, Non-con-

d,ensable gases nay also enter the atmosphere durlng the productlon

phase fron ventett we1}s or steann l-ines. The posslble effects of these

gases are dlscussed ln Chapter II under PRODUCTI0N TESTINC

The nost hazardous of the non-cond.ensable gases ls hyd.rogen

sulfld.e. To a.d.equately evaluate the sulfur ernlsslons of thls type

of geothermal pIant, lt wou1d be deslrabLe to conpare enl-sslons to

foss1l fuel plants. Because HrS ls oxldlzed to SO, rslthlrr 2 Lo 48 hours

after enterlng ihe atnrosphere, a ecnparlson ts reasonable. The Gysers -
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stean contalns ,0225 percent hydrogen sulfltle. (f thls, )A perser'L

ls returaed. to the reservolr rlth the stearn condonuat",2l t'llth a 16

. percent the:ma1 efflcleney, the Gysers plant prduces 4 gfa^ras of sulfur

per klloratt hour of electrlcity, whlIe a coal flred. plant $lth a 40

percent themal efflclency can produce 2,) gr'ans sulfiE per klloxatt

hour of electrlclty prod.uced. und.er EPA stand-"r,1",22

Ttre Gysers polter plant ls d.eveloplng a new nethod' to renove

HrS fron the gas stlean. It uses l-ron or nlckel 'Lo catal"yze preclpl*

tS,tloa of sulfate as sulfur fu, a scmbber located ln the plantrs
2?,

coollng lovet,') Although thls syst,en is stL1l expertmenta), Lt ha.s

achlevecl !0 percent renoval of HrS. Thus, cal"a)yzed preclpltatlon of

sulfur fron a ret gas strean ls d.evel-oped. e*pIlcltIy for geother:ra1

energ:y, Shoul-d. !t prove successful on a prod.uctlon scale lt would'

reduce sulfur enlsslons fron pouer house outflox substantlally, Because

Montana has strlngent stand.arrLs for the amblent concentratlon of HZSI

there ls reason to bel-leve that anblent stand.arrls for HrS r,a-y be violated.

lf the stea^ra content of HrS were on the order of 3 to ! tlmes hlgher

than the H2S C° ncentration found at the Gysers.  Air stagnation condi_

tlons would. also conpounrl thls problem.

The I'tontana HrS Stand.ard. reads as follows:

"0.03 ppn, 芸―hour average not to be exceedea nore than
twice in any 5 conseCutive days.  0005 ppn, =― hour averagel

not to be exceeded over twice a yeare"

Heat ana noisture fron cooling tOWers Of geothe11に a■ pOwer p■ ants

have a high pOtentia■  for Clinlatic inf■ uence where topographi´ c conditlons

restrict air shed V01une.  Because geOtherl■ al poTer p■ants have low

theI“ ta■ effiCiencies, they have cOrresponding■ y high rates of rejected
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heat. Once through eoollng causes envlronrnentaL lrroblems In tlre

bod.y of water used as a heat stnk, For thls reasonr the a.tmosphere

Is used, to absorb waste heat through the use of'Lhe wet cooLlng torero

Such toxers are nuch less costly than tl,ry coollng towers" Attenpts

to pred.lct the neteorologlcal effects of these plumes are beconlng

more inporbant, parblcularl-y lf porer productlon faclIltles are pl-aeecl

ln nogntaln val]ey aJreas rhere stagnatlon eond.ltlons can be magnlfled by

ret plumes. Sone of the posslble effects assoclated- xlth Het plunes -

are lncreased. Cl-ord. cover, lnd.uCeil raln, and- nore Severe *eath*r.24

Increases ln hunlil.lty have been assoclated. rlth rratural.-draft toners

on the East coast. Increased. fog and. lce has r"ecelved the greatcat .
,t

a"nount of attentlon ln relatton to wet coollng towers."/ An EC&G

lnvestlgatlon napped a geographlcal dlstributlon of potentlal adverse

effects fron coollrrg to*""".25 The d.lstrlbutlon lnd-Lcates areas of

h1gh, noderate, and 1or posslble adverse effects baseal on fog, 1ox and

l-evel- i-nverslon, ud nlx!-ng d.epth frequency. It shows that the westei:t

thlrd. of Montana ls ln an area of hlgh adverse potential. ThLs area

cogesponds with a large porblon of 'Uhe areas ln Hontana classlfled as

"Areas Yaluable Prospectlvely" for geotherrnal resources by the U.S.

Geologle Sroruy.27

The flnal alr quallty problen assoclated vrith a "dqr" steam

generatlonfacl]-ltyconcemsaefosolsre}eased"fromwellsbelngveuted'

for cleanlng purposes r nhen the plarrt ls "doxn" or off Ioad., and. the

ventlng of steam }lnes for neasurenent or other purposes. These

practlees uou1d. be car"riecl out on a sporadlc basls over the l-!fe of

the plant, The preced.ing sec-tlon oli productlon testtng (Ctrapter II,

Sectlon ) d.eserlbes thls process and lts effects.
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2. Hater Quallty

The effeets of a "d.ry' stean geothe::rcal clevelopnent upon water

.quallty are depenitont upon the chenlcals present ln the coollng torer

condensate, the slze of the operatlon and the nethod of dlsposal of

torer coadensate and other llquld strea.ns.

In 1950 Paclflc Gas and Electrlc began porer prod.uctlon at Gysers

Unlt I, dlscharging toror cond.ensate lnto Blg Sulphur Creek.28 By 1p68

tro nore unlts were d.Ischarglng condensate lti'Lo the creek. Tlie eonderrsats

fron the txo latter unlts had hlgher concenlratlons,',of anorrla salts,

boron, antl. hydrogen su1f1de. fn 1958 a naJor flsh k111 occumed. ln

BIg Sulphur Creek resultlng ln near eradlcatlorr of steelhead and a

severe salnon klII. The North Coast Reglon llater Qualltf Contz'o1 Boarrl

d.ete::nlned that the leveI.; of chenlcals enter'lng the ereek fron d.lrect

condensatc d,tsposal xas responslble for the flsh klII.

The najor alternatlves to dlrect d.lsposal of condensate lnto

sur:face raters are treatment for removal of cerLaln chealeals froia

cond.ensate anil relnJectlon of condensate lnto the ground." Treatnent of

eond.ensate ls costly antL of unpredlctable rellabl1lty due to thc lack

of teehnology d.evelopment. Unlon O11, the stean suppLi.er at Gysers,

relnjeeted. the eond.ensato at the perlneter of tlre f1e1d.. Thls appears

to have no ad.verse effect and" nray he1-p to rep) enlsh the supply of' rater

to the flel-d. and. thus prolong lts use.

It ls apparent that the condensate fmn the re1at,lve1y clean

"d-ry* stea.:or fleld- may pro.iuee an envlronnentaJ. hazard to surfaeo waters

1f it ls not treated.. The elevated. ternperatures of these waters couLd.

al-so cause thermal po11utLon lf dlrectIy lnjeeted. lnto surfaee waters.
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RelnJectlon of eondensate appears to be the least costly, nost

rellabre neElns of cond.ensate drsposal" Although lt nay replenlsh

ground. rater resoulrces, lt can have adverse lnpacts. If contlensata

Is rernJected. lnto strata bearlng hlgh quallty rat.ers, the quallty

of those waters nay be pernanently degraded. rncldents of selsnlc -
actlvlty re}atlng to the lnJectlon of flulds ln xaste dlsposal systexs

have oecurred. at the Roclgl{ountaln Arsenal near Denv et.29 rf the

lnjectlon pressure necessarJr for disposal nore greater tLrari hyd.ro-

statlc, relnJectLon couId. lubrlcate and extend. cxlstlng fra.ctures

causlng lnereased. selsnlc aetlvlty.3O Horever, Lf relnjectlon ls at

pr€ssures less than hydrostatle, whleh Is the case l.n nany hydrothemral

systensr the chanees of seismtc stlrnulatlon are greatly red.ueed. beeause

retuzn of f1ulils slnpJ-y nalntalns pre-exlsting pressures ln the rese:rrolr.

3. O_ther Effects

The prod.uctlon of porer frou a "dr:f' stean geother-:na1 systen

coulii have a large varlety of add.ltlonaI effects upon the envlronnent.

The use of natural stean for porer generatlon purposes represents

the utlllzatlon of a resource rhlch ls not renexable ln a tlne scale

rhich 1s eomparable to that of the ltfe of the prod.uctlon faci-1lty"

Hlthdranal of stean by power productlon facllliles ls, ln general,

greater than the recharge rate c,f that system, Heasurernents at the

Gysers shox an average exponentlal decay wlth a fi-vo year hal-f ]lfe at

one well per flve """"",31 This inplles that over a 20 year l.ife.ul-rae a

unlt with the above welL spaclng wonld fal1 to t/t5th of lts lnltlal
prod.uctlon rate, 'bhus requlrlng the d-rlIllng of 15 ttnes the number of
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we]Is needed lnltlaI1y to nalntaln given production level, Ler.rger

spaclngs of ue1ls, sueh as 20 or llJ acres per xeII, x111 Learl to

approxlmately the sane anount of generatlon capaelty per squa.re nlle

because the d.ecrease tn nunber of xeIls per area ls conperrsated. for

ty lncreasetl we]-L llfetlrae, Thus, lntenslve use 1111 Lead to a hlgh

generatlon eapaclty rlth a short l1fe span while xld.er spaclng x11,1

resul-t ln a co:respond.lngJ.y longer llfe span wlth a louer generatlon
.l

eapaclty. The total polrer capaclty per unlt of Land. 1s dete::nlned by

the nature of the stea& resource and not by the r*ay lt 1s tapped"

Horever, lf a hlgh re1l denslty, short llfe span spaclng ls used, nore

rells rould be requlred thayr 5-f a loriger tlure base for depletlon is
used. Although a lorer gener:atlon capaclty requlres a.n exterrded

presence upon the 1and, lt does not requlre the nunber of drIIl padso

roads, etc. that are necessltateil by ariulng a neI1 everT fen aeres.

Thus, lt would appear that a geothermal systen r+hlch l.s planned. for a

re1atlve1y J-ong llfespan rould have less lnpact than an extenslve use

systen due to the snaLLer anount of pollutants released. per ur:1t tlne,

stean plpe, and. earth novenent requlred.

D. Poxer Productlon fron Llquld.-Dontnated. CegLheryal lystems
1. GeneraL

There are severa■ possib■e ltethoas of prodtlcing electrica]´  potrrer

fron "hot water“  geotheェ :“al fields.  One method is to f■ ash water to

SteaFn and then use the stean to drive conventiona■  low pressure

generation oquipnento  Tliis pFOCeSS is ttsedr alnong other place3, in

New Zea■ and and Mex■ oo.  2,33  A■ Other process uses heat exchanges and
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a separate l.orklng f1uld to drlve turblne equ!-prnent (see chapter f
parL ). At prrosent, a heat exohanger unlt ls ln operatlon ln the

U.S,S.R., horever, there ls lltt1e lnformatlon avallable pertalnlng

"&to thls pIant.'' Other posslble technlques of hot-xaler poxer generatlon

tnclud.e the use of bladeless turblnes and nechanleal expand,ers (see

Chapter I, part ). Processes uslng nechanlcaL expanders or b1a.de-

Iess turblnes have not been d.eveloped on a protluctlon scale.

The envlronnental lnpacts assoclated wlth the devel-opnent of a

"hot xater" systen rouLd be very slmllar to the lnpacts assoclated.

ulth 'd.ry' stean systeurs ln tenrs of land use, coEstnretlon, fIuld.

Ilnes, power house, earth rnovenent, eto" However, 'che inpacts of the

utlllzatlon of thls type of systen upon the alr and water quallty 1111

vaalr accordlng to the type a.nd d.egree of technology usetl 1n energy

utl11zatlon,

The roaJor dlffeience betreen the 1-mpacte of these systems depends

upon the.:physlcaI state of geothermal fl-ultL (11o.u1d or vapor) trhtch

ls used. to prod.uce electrlcal porer. ff the geothe:rnaI fluld renalns

as a llquld., the clrculatlon of geothe:=ra} flulds rouId, for nost

pur?oses, renaln a closed. systen. As a result, the geothemai fluld
t+ouId. not be ln d.lreet contaet wlth the ambient envlronment" rt ls

expected. that thls flulil rou1d, after use, be relnJected lnto the

geothennal systen for recharge, Ho;*erer, l.t cou.la.l be 'breated. and.

ejected to the surface.

If the productlon teehnolog'y uses "flashed stean" or "Het stean',

to produee po!{er, t}re gecthernal fluld nay eome ln contaet rt''h the

amblent envlroru*ent af'ter use. Ftrrther," in the stearn-r*ater sbparatlon
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process there are lnherent envfu:orunental prob)-ems. Stean corldensate

a^nd rater vhlch ls not flashed to stearn couId. then be returned to thc

systen or ejected at the surface.

Because the geothenla■  f■uia is in its ■iquid state in a liquid_

dominated systen, there aro advё rse effects associated with tho use

of “hot“ water systens not associated with ・・dry・ stean systens.  In

a "dry" stean systeni“ boil off“  frorl deeper water reservoirs replaces

the vapor which is litharaln for power prodttctiorlc  Thus, subsi.denco

is not expectea to Occur in the deve■ Opment oF a ttdrγ `` stean system.

This is not the case in the deve■ opment Of ■iquid_aominated

systems.  Subsidence can occur whenever support is re饉 oved from below

the surface.  In a ■iquid_doninated system pressures are greater than

hydrostatic.  This constitutes an over pressured reservolr where the

f■ulds present a.じ  supporting the overlying co■ ul■n of rockc  lf water

is removed fron the reser、 olr and is not returnede Subsidence may

occur.  At Walraka■ , New Zealand, where hot water is ―青ithdran from

the systen and discharged to the surface, the ground level has sub_

sided as nuch as ■■ feet in sone areas. 5

Hot―water systons trould a■ so experience a greater poterltia■

for seisnic activity due tO reinjectiorl than woll■ d vapor_do■tinated

systems.  Because the steam pressure in a vapor_dominated system is

■ess than hyarostatic, the gravitationa■  pressure of a co■unn of water

in the rejection we]_■  土s enough to force the l:aste water back into

the systen.  However, becど ュse hot lFater roservo■rs are often at

pressures above hyarostatic, puttping wi■ l be required to force the

waste water back into the systen.  Injection of fluids at pressures
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above hydrostatLe has been assoclated. rlth Lncidents c>f selsnlc

actlvlty at Bald.rln HlI1s 011 Flelcl, Callfornla and at the Rocky

.Hountaln Arsenal, Colorado,)63? In sueh instancese pressure could.

open and" librtcate faul-ts and thus lncrease selsnlc actlvlty.
The close assoclatlon of geothermal areas and zorres of tectonle

actlvlty or zones of cnrstal spreadlng and convergence Is xeII docu-

,"111"6.38'39 Thc role of fLuld. proesur€ changes ln selsnlc actlvlty

ls not well knorrn. Relnjectlon at pressure-q e.boye liydrostatlc could-

stlnulate earthqual<es3 horever, to date such stlnulated selsnlc actlvlty

has not b€en seyere. There ls reason to belleve that relnJectlon,

lubricatlon, and. stlnulatlon of loca1 fault systens tend.s to re]leve

reglonal stress, thus mltlgatlng the severity of large eartho^uakes.

Further, relnJectlon-of saste woul-d extend, reserolr llfe potentlaL

ty d.eereaslng net f1u1d wlthdrawal.

,. Ftr"n"a St"* U

The surface effects of uslng flashed. stean ln conventlonal

generatlon equlpnent w1l-I be nuch the sa.ne as the lu1nct of the use

of a vapor-tlonlnated. system. Thl"s ls because both systens use the

sarne technology of generatlon once the steaa has been separated. fro:l

the xater. There are, however, slgnlflcant d.ifferences ln the irnpact

of 'flashed. steam" systen use versus "dry stean" systeiu use. These

d.lfferences aro related to the nature of the systen ltself, A "flashed

steam'generatlon pLant n111 produce abcut 2j percent stean by wei*nr"4o

Thus, there rs a large aaount of water, heat, and d.lsso1ved. chenlcals

whlch rnus'b be dlspensed.. Because two-thlrds of the stean fractlon

ls evaporated ln the eooltng toxers, lt foJJ,c,xs that a "flashed. steam"
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generatlng plant rrould. have about 10 tlnes as riiuch heated. xaste

rater to be relnJected., or othenrlse treated for dlsposal"

"Hot rater" systeus often carrJr nuch nora d.lssoIved. sollds than

d.o vapor-d.on1nated. systens. As a result, the reJected. sater of thls

type of generatlon system nay have lncreased lmpaet upon the envlron-

nent d.ue to tts hlgh volune flow and also beeause of elevated. concen-

tratlons of d.lssolvect soIId.s.

In l{atrakel, New Zealand, a hot-xater flas}iod*stean p.t.artu the

reJect rater ls not treatecl ancl ls dumped dlrect.ly lnto t-he rtver. fn

add.ltlon to the:ma1 poLlutlon, thls hot water has been found. to eon-

stltute a slgnlfleant souree of urencurT po1lutlon.lll Inorganlc

DercurT d.lseharge fron these sour€es accunulates fn sed.lments and

often nlcroblal nethalatlon ls eoneentrated, ln the edlble tlssue of

flsh, Avera€e concentratlons ln excess of .Jng Hg/ks have been founil

ln trout populatlons Ln recelvlng bod.les of water dlscharge. Thls

ls the naxinun concentratlon consld.ered. acceptaTrri-e for hunan eonsumptlon.

Alternatlves to dlrect dlscharge lnclude water treatment and

relnjectlon, Because of the volu:ne of dlscharge xhleh ls prod.uced ry

thls type of generatlon, treatment ls consld,ered to be velTr expenslve

antd. also not rellabIe. Reinjection has been d.iseussed ln thre prevlous

sectlon. Unless waste ls d.lsposed of try inJectJ.on to high quallty

ground, saters or slgnlflcant selsnic stlmulatlon 1s lndlcated., reln-

jectlon appears to be the most practlcal, rellab1e,,nethod of raltigatlng

the irmpact of reJeet r;a-uer ancl heat.

3. Contlnuor:s Llquid Fhase Use of Llquid-lcnrlnated. Qystens

The use of 11quld.-d.om1nated. s-vstenis ln a bifluld. generatlcn
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system rhere the geothermal fluld renal.rrs a 1lquld throughout the

process xould appear to have the l-east overall envlronmenta-I lnpact

.of 
any geothe::naL porer prod.uctlon dlscussetl (see Chapter. I, parb ).

The geothe:mal fluld does not cone In contact wlth the envlronnent

throughout the poner process and would be relnJectecl to the systen

a.s a Ilquld. Therc ls no chenlcal po)-tutlon of alr and rater. Further,

there ls a renotc chance for subsldence because aLl- of the water

renoved. ls returned- to the perlphery of tho systern by::elnJect':.orr.

Because the fluld. reaalns a l1quld, plpes fron the well" head to the

porer house rould be snaller because of the decreased. volune necessarJrr -
The naJor alr or water quallty lnpact resultant of thls type of systen

woulit be the:maI polhrtlon. It would. be neeessary to use a body of

rater or a closed. system of rater and. dry coollng towers to condense

the lsobutane or poxe.r fIu1d after lt has been used ln the turblne

to generate electr1clty. Beeause of the e:rpense of dry-cooIlng toxers,

It ls expeeted. that wet cooling toxers woul-d. be useC, In areas xhera 1

coollng xater ls not avalIable, sone geotherral water nay be used

consunptlvely ln coollng torers to conplete the coollng process. fn

thls sltuatlon, geotheraal xaters lrould be ln contact wlth the anblent

envlronment and. could cause alr quallty problems sfurlIar to those

assoelated. wlth the use of cool-lng toxers ln a conventlonal dry or ret

stean porer generatlon faclIlty,
E. Power Productlon frorn Hot, Dry Rock Geother:nal- Systens

1,---gsjl-e]
The dsvelopnent of a hot, dry roek-geothemal resourca exlsts

only on paper at thts polnt ln tlire. As a result, it ls difficult

35



to aecurately pnadlct the lr,rpact of thls type of d.evelopnerrt upon

the envlronaento Up to arrd througtr the drlIltng stage of geotiiermal

developnrent thls resource rould have largely the same tmpaet upon

the envlronnent on a per ne1l basls a.s does the d.evelopment of hyd.ro-

theraal systens. Past thls polnt, these systens varlf greatly ln the

technologles usod. for d.evelopnent. To extract heat enefgy fron a

hot, dry roek systen requlres the formulatlon of a fracture systen

ln the rock to provld.e ad.equate heat transfer surface for ttre lntrod.uced

fluld to absorb enough heat forbhe productLon of electrlclty ( see Chapter 1,

parL ).
There are two generally acceptecl nethods by whlch a sufficiently

1ar6e fracture systen can be lnduced ln a hot, d,r7 rock geothermal

stmcture. These nethods are hydrofraeture and. nuclear stlnulatlon.

2. The Stinulatlon and Production of Power frou Hot, Dry Rock' using Hydrofracture

After a hoLe has been drll1ed to lntersect a hot, clry rock stnrc-

ture, the rirajor lmpact of hyd.rofracture ul-11- concern selsinlc and.

water consunptlon factors.

There Ls lnereased pctentlal for selsnlc actlvlty d.ue to stlnu-

Iatlon by hyd.rofracture. To lnittate a tenslle fra.cture ln volcanlc

rock w111 requlre a pr€ssure on the crd.er of "/ t000 psl abo're hyd.ro-

statle at the depth of the fra"tu.=.42 Thls ts sufflcient fluld.

pressure change to trlgger sel-srnlc actlvlty. Hoxever, mlnor selsnic

stl-mulatlon could mitigate the shcck a.ssoclated rlth a larger reglonal

earLhquaJie by rellevl-ng 1oeal stress in rock, structures.

Thernal eontractlon of heated rock cl.ue to lrea"u withd.raxal- nl1l
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cause a vold space ln the fraeture system ranglng, frrm one-fourL.h to

one-hal-f cublc foot for each rnlll-lon Btu wlthd.ra'rn fron the rock.

.Thus, 
a 100 lfil plant would requlre 25rO00 gallons of nakeup sater

each day. If there were,und.erground. leaka6e fron the reservolr, thls

nunber cou,ld. ba lncreased. substantlally.

After the fracture systen has been forured, vla hyd.rofraeture,

Ilquld. rater roulcl be used to transfer heat to the "r,r-f."".&3 A

d.ry, hot rock system fractured and u-tllized. l-n th5 $ manner uould be

nearly ldentlcal to a 11qu1d.-domlnated. systear ln :its capabl)-lty for

use upon the surfaee, The envlronmental lnpacts posslble rou1d. be

slnllar totrose created ty the prod.uctlon'of pouor fron a Ilquld.-

d.ornlnated, geothermal systen (see Chapter II, parL ) "

The Stlmulatlon and Productlorr of ?orer from Hot
■Oing N〕91eaF pev19es

a. General

There ls substantlal posslble adverse envlrorunerrtal- impact, assoelated

wlth the detonatlon of an underground. nuel-ear d,evlee to create the fraeture

system necessarJr to utlIlze.hot, dry rock. Although there a^re no presently

exlstlng nuclear-stlmulated geothermal slteso there ls substantlal lnfor-

natlon avallabIe on the lnpaet of und.erground. d.etonatlon of nuclear

devlees. In addltlon to l"he ZJO underground. d.etonatlons conducted for
miIltary pur?oses at the A.E.C. Nevad.a Test Slte, there have been three

Plowshare projects cond.ucted. for peacefuL use of nuclear devLces out-

sld.e of tLre Nevada Test Slte. These l-ioxsha-re tersts tncluder the "GEone"

detonatl-on near Carlsbad, Hen i,lexico in 1959; the two "Gasbug.Ty,'events

near Fa:anington, Nex liexlcol'and the "Rul-lsor" event near Grand. va}Iey,
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Colorado" These erperlmental projects provlde foundatlon lrrfo:matlon

to pred.lct the lnpact, of nuclear stlnulated. geothe:mal- resources(

Prlor to the d.etonatlon of a nuelear d.evlce for geother:nal stlnu-

latlon pur?osesr lt ls extrenely lnportant that a.d.equate lnfozaatlon

1s col-lected. to dete:nlne the safety, technlcal feas1b3.lity, econorrlc

feaslblllty, ancl. envlronnental hazard.s Lnvolved. lntle use of nuclear

d'evlces at any partleular slte. Beeause of the nature of rad.lonucleo-

tldes In tenns of toxlclty and perslstence, lt ls rrecesss.rf, to eol.lect

extehslve lmpact data sufflclent to evaluate the'poss1b1e hazar.ri

lnvolved dur:lng detonatlon, plant operatlon, and cLurc_ng a post plant

perlo,i. of several hund.recL years.

?he nuelear d.etoratlon effects assoelateit wlth stinulatlon of ho!,
d'ry roek ar€ a result of the llberatl.on of energy sufflelent to vaporlze

roek and create a spherteal cavlty. ?he pressure of the erploslon d.rlves

a ehock rave outrard. ln all d.trectlons. l{h'en the wave hlts the surface,

the grouncl vlbrates ln a fashlon sinilar to that of an earthqual<e.

Geologlc fo:=aatlons, vegetatlon, and. uan-rad.o strtrctures can suffer fron
this vlbratlonal ground notlon, Huna:rs, anfuaals, a^nd. vegetatloa ean

lneure lnjurT or death from fa-Lllrrg debrls resultlng fron groun<i notion.
Trees, plants, a^nd ground. cover car-r also 'be o..estroyed by breakage, land_

sIldes, and root d.anage. Ground notlon could also change patteras of
water d.ralnage anci may d.arrage locar water qual_lty. Bul1d.lng d.anage at
Ciffer:ent levels of severity could. also occur, ciepend.lng upoa the dlstance

separa'Llng the buildlng fron grou1fl zer*o. Tabl,e rr-rv d.emonstrates

stmctural da,"rage fronr various sizes of nucLe:rr d.evlces as a functlon
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of d.lstance ln nlles fron ground zero. But.Lding damage f::oy; a 1o0o kT

exploslon xould be large and danage fron a l-00 kT devlee could cause

serlous probJ-ens, d.epend.ing upon the loeatlon of the slte ln relatlon

to populated. areas.

In an area of hlgh selsmlc actlvlty, whlch ls often tl're condltlon

at a geothe:nal slte, a selsnlc event nlght oceur sooner than lt rould.

naturally as a result of nueLear d.etonatlon. Honeyer, nuclear d.etonatlon

could red.uce the lnpaet of natural earthquai,;e by rell evlng stress ir
fault systens xhich couId. othenrlse bdlA up stress lere1g su.fflctent

to eause a naJor earLhquake.

Sur:face cxtmslon of nolten rock or the trlggerlng of voLcanlc

erlptlon I-s a posslble result of underground detorratlon of rrl,.clear

devlees. ?he Llkellhood. of these events oecurr€nee ls d.ependent upon

the proxinlty of na€na and. open fractures to the detonatlon slte.

TherrnaL rater near or overlylng the detonation slte nay exlst at

tenperatures suffi.clent to flash rater to stea^n. A pressure r.elease

Lnd.uceil by nuc3.ear d.etonatlon could eause the water to flash to stea:n

a,nd. cause a hyd.rotherrnal- exploslon.

c, Radiatlon Hazard.s

There ls potentlal for the release of radloactlve elenents to

subte:ranean waters, the surface ancl the atr,osphere durlng and after

the d.etonatlon of an und.erground. nuclear d,evice. The bulk of tho enerry

released by an und.erground. nuclear erploslon ls a result of fuslon whlch

ls qulte "cIean" in te::ns of radlatLon productlon, Horever, a fuslon

reactlon requlres a flsslon trlggering devl.ce of I kT. Flssion ls

responslble for nost radloactj.ve naterlal present after detorratlon, The

′↓o



flsslon trlgger produces approxlnate3-y 200 lso'uopes of )6 elenents,

Further, lnducetl ra.d.loactlve naterlals are produced try neutron capture

ln the sumound.lng rock matertal. ?abIe fI-V tndlcates the :radlo-

actlvlty of nucltd.es present ln slgnlflcant axounts resulttng fror

detonatlon of four d.lfferent nuclear devlces rhieh could be used. for

geothernal stfunulatlon.

The neans by whlch nuclear detonatlon could contanlna.te the

suround.lng envlronment lncluclet seepa€e to ground raters, prollpt

ventlng to the atmosphere, and delayed. ventlng or seepage to the

atnosphe::e. 0f these, pronpt ventlng entalls tho greatest liotentlal

hazarrt to hunan health.

The radloactlve nuclLdes nsst IlkeIy to be lnvolved ln pronpt

ventS-ng or delayed seetruge to the atmosphere are 'Lhe gaseous eLenents

xenon, ar€on, krTpton, lod.ine, and. trltlum, In a pronpt ventlng lncl-
d.ent, the inltlaL dlstrlbutlon of radloactlve naterLals would. be ,

depentlent upon 1oca1 neteoroLogy and topography. rn nost cases, the

fallout area woul-d. be conflned. to an erpanttlng corrld.or dornrlnd. fron

the point of ventlng. On the basls of tests couducted at the NevaCa

Test Slte, 1t is un1lke1y that nore than 5 percent of the total ra.dlo-

actlvlty present rould. escaps ln the event of a naxinun pronpt venting

aeeldent. Table II-\II lnd"lcates estimated. lnflntte-lsodose llues for
a 2 to J pereeni rel-ea.se of radloactlvlty resulting fron ,uhe pronpt

venting of a 100 kt fissJ.on-fuslon nuelear deviee" The tabIe ls a.

representa'blon of exposure und.er prevalllng nlnd cond,j.t1ons. It is
apparent that thls type of lncident could have a s€,rlous lnpact up to

30 to 5C nl1es frol'r the geother:rral si,r;e.
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TABLE II… VI::

EXAMPLE INFINITE_ISODOSE CURVES
FOR A ■00_KT EXPLOSION, 2_5 PERCENT
PROMPT VENTIVE RELEASE
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Delayed ventlng or seepage to the atnosphe::e should have a

ma:cfunun perrcentage of radloactlve naterlal escaplng of less than that

of a pronpt ventlng lncldent. Itlxecl, fuslon products d.ecay by a factor

of approxlnatol-y 10 for every seven fold lnerease ln tfune. Thus, the

radloactlve lsotopes decay by a factor of 10 Ia the flrst hour after

d.etonatlon, bf a"nother faetor of ten after / horrs, by another factor

of ten after 2 cLays, anrd. so on. Tab1e II-WI llsts the potentlally

vo1atlle radloactlve nucLldes present 180 days aftet a 11000 kt rruelear

erploslon ln lgneous rock. MaxLnun posslble concentratlon of each

nucl[d,e ln alr aad rater ls also 6iven. The vo1atlllty of nany of

these rruclld.es ln stean ls clepenrlent upon the chenlcal condltlons

present ln the stea.ra, Th!.s lnfo:matLon ls 61ven ln the final coluun of

Table II-VII, Thus, the anonnt of radloactlvlty rhlch couId. reach the

atnosphere roulcl'be d.epend.ent not only upon concentratlon of nucLld.es

ln the eavlty but also upon nhether the nueltdes are ca^:r1ed. as gas or

ln stean or ln rater. It shoultt be noted. that although leaka6e is

posslbIe, there has been no recorded leakage of conta.rulnants to the

atnosphere fron any slze nuclear d.evlce d.etonated a.t a depth greater

than I+r000 feet.

Conta.mlnatlon of ground. raters ls also unllke1y, but coulC occur

as a result of lnploper eeraentlng of the d.r111 hole or through faults of

fissures ln the su:=ound.lng roek. Verlflcatton that raloactlvlty cannot

eseape nay be difflcult because cenenting techno)ogy at hlgh ienperatur.es

1s not Ceveloped"

Host ground. r*aters flolr at rates from 1to 1000 feat per yea^r.

In gerreral, rad.iolsotopes would nob travel as fast as the ground. raters
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because of sorbtlon and. d.lsperslon processes. Tr1t,lun, however, ls

hlghly soluble ln water and travels al, fast as the water flow rate.
\

Trlthua, rlth a half IIfe of 12 yeats, wouId be reduced one thousancl

iold In ground water flowlng at 1000 feet per year after travellrtg 2)

mlles froia the polnt of detonatlon. The above process wou1d. take

about 120 years.

i
$o

cl. _Poror Prod.uctlon and Plant Operatlons

After nucl-ear stlraulatlon of a hot, d,ry rock systen the generatlon

plant roulcL be tnrllt. Thls would. requlre drt}1ilig at l-east two holes lnto the

nuel-ear chlnney for the clrculatlon of hot water for porer prod.uctlon.

The posslbl1lty of ground water contanlnatlon try nlgratlon of radlo-

actlve flulcls along the bore holes has alread.y been dlscussed.

The naJor envlronmentaL hazarrl lnvolved ln the productlon of porer

lnvolves the volatlle ra.dloactlve products that are not eondensed 1n

the cavlty and are easlIy transporled. to the surface vla the worklng

fIuld.

There are two rays ln whlch a nuelear stlnulated geothez:naI syston

can be utl}Ized. to prod.uce po1er. Hot vater can be brought to the

surface and used to heat a seeondary f1u1-d whlch is then expanCed to

6rlve a turblne (see Chapter I). Thi.s systen xould returrt the radlo-

actlve flui6 to the cavlty, a.nd. radloaetlve gases would not eorne ln

contact wlth the anblent a.nv1:rorunent. The other method. to prod.uee porer

would- use flashed. rad.Ioactlve flulds d,lrect}y 't,o d.rlve a generation

device. A pcxer lIant uslng this rr.ype of sys't-en r':ouid collect';he

radloactlve no:i-condensable gases in the eond.enser" Cond'ensate could

be relnjeeted to the cavlty, hoxever, non-condensable gases nlght be
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vented. to the atnosphere or, 1f the eoncentrations exeeeded state of

Fetleral Sta^ntlard,s, radloactlve gases could be compressed. and stored or

recyclecl to the cavltY.
' 

The use of a dlreet power systen coultl, result ln contanlnatlon

by deposltlon of ra.d.loacttve naterLal.s on aI1 uaohlnery ln the rorklng

fluld systen. The rtsk of accldental nelease of radlatlon to the

atmosphere ls also lncreased. In the dlreot utlllzatlon of radloactlve

stea.n. The use of a bifluld systea would be nore acceptable fron a.r

enylronnental polnt of vlew, Horevero plant efflclency would be lower

and. oapitaL lnvestnent ln nachlnery rould be hlgher.

Begard.l-Jss of rhlch type of systen ls used, there ls a chanee of

envlronnentaL eontamlnatlon resultlng fron mptured plpes, stean Ilnesn

arod productlon and. relnjectlon reI1s. In a,cldltlon to ra.d.loactlve naterlals,

there !s also a potentiaL hazanl fron the release or escaPe of materlals

such as: COZ, HzS, Nit, CttU, and others dlscussed prevlously ln thLs

ehapter.

The assessnent of the envlronnental lnpact of nuclear stlnulatlon

of geotheraal- resources nust be verlr extenslve ln scope and detall to

ad.equately d.eternlne the potentlal for haza:rd from nucLear shock xaYes

and. radloactive rnaterlals. Dlrect exposure of persons and trild.Ilfe to

radloactlvlty releasect by pronpt venti*ng ls the greatest hazard.. Hoxever,

a:ra1ysls should consld.er Iox 1eve1 deposltlon and accumulatlon ln plaats

and anlnals and. seeond.ary effeets upon food pathways for anlmals and.

hu-"nans r -
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CHAPTER III

RECOMMENDAT10NS FOR THE DEVELOPMERT OF GEOTHERHl卜 L ENERCY IN MONTANA         .

GENERAL

The ultlnate envlronmental lrnpact of the iievel-opuent of geothrermal

resources ln !.lontana w111 have a d'lrect relatlonshlp to the leglslatlon

anfl regulatlon con6ernlng the resourge ln Montana. Beeause ilorrtana has not

been forced. +.o proceed as rapldly as cLher st'r:'tes ln t'he regrri'a'tl-on of

thls resource, It ls posslble to draw fron thelr experLence l'n the

beglnnlng solutlon to thls conplex problen of deslgnln6 a systen of regu-

latlon to rhlch the lnclustry 1s not unduly restrlcted whlle ?rovldlng for

the naxlnun protectlon of the envlrorunent. The author ls rrot a 1e6a1

expert, and as a result, these reconnenclatlons vrJ-II be fron a vlerpolnt

of envlronrnental adequacY.

In revlerlng geothelmal leglslatlon ln other states and on the

Federal 1eveL, there does not appear to be a cousensus as to the baslc

nature of the resouree. Beeause the d.eflnlti-on of the resource by the

state ls an lnportant consld.eratlon ln determlnlng the d.egree and scoPe

of reguLation of the resource, lt ls neeessary to conslder several slg-

ntflcant questlons pertalnlng to the deflnltlon of the resorrce" Iri

what catagory of nlnerals does !t fit? fs lt e. solld., Ilquld, or gas'

a conblnatlon of then, or nelther? llhat, lf any, appllcatlon do the water

laws of the state have? Hhat are the lneide.nts of lts exploratlont

leaslng, arrd Productlorr?

In the definltlon of thls reso'.llee, the central ld.ea 1s that lt

consls+,s of the rralural heat of the ear'th. Although geothennal energy



inay eventually be utlIlzed from "d.4r" stean, "Het" $tearn, lrot::ocks, or

na,gnatic sources, all derlve thelr energy fron the natural heat of the

earLh. It ls appar-ent that alL geothermal resources w111 not flt easlly

lnto any establlshetl pattern or form, Dlfferent nranlfestatlon, uses!

and methods of use clearly separate thern fmn present well.-doflned

patterns of resource d.eflnltlon.

The Federa1 Geothernal Stearn Act of 1970 deftnes the resource as

folloxsr

"Geothe::ma1 stean and assoelated. geothe::na1 resources
means (f) all products of geotherma} processesr. embraclng
lndigenous stean, hot ratei and hot brlnest (11) stean and
other gases, hot xater and hot brlnes resultlng frorn water,
gas or other flulds artlflclally lntroduced lnto geothertal
fo:rnatlons; (fff) heat or other assoclated. energ"y founcl ln
geothe:mal forrnatlonsg and (fv) any byproduct derlved fron
them. "1

In contrast, the Callfornla Resource Act af l9(>? deflnes geothe:maI

resources ass

"...fgeothe:maL resourcest sha1l rnean the natural heat
of the earth, the energy, ln whatever form, below the surface
of the earth present ln, resultlng frorn, or created byr: or
whlch nay be extracted fron, such natural heat, and. aII
nlnerals ln solutlon or other products obtalrted. from natural\y
heated. fIulds, brlnes, assoclated, gases, and stean, ln what-
ever for:n, found. below the surface of the earth, but exclud.lng
o11, hydro-carbon gas or other hyd.rocarbon substances,"?

Ner Mexlcors deflnltlon of geathe:nal re:sources ls alnost ldentical

to the above. The Qeotherinal Steam Act of the state of Oregon deflnes

geothernal resources as!

・・The natura■ underground reservo■ rs of heat that nay
be exp■oited for the production of heat energy, including
but not ■inited to a1l minera13 0btained frOin llaturally or
artificia■■y in」 ected f■uid` bririe o■ l assoCiated gas and
stean in any foェ `:t whatsoever, but exc■

uding oil hydrocarbon
gas and other hydrocarbon substances and hot Waters of ■ess
than 250 degrees Fahrenheit botton hOle tel■ peェ `ture.:3

1n Montana at present it WOヽ 1■d appear that Water is defined ・しo



lncIude 'geothernal water"o SubJectlng geothernal resources to the rater

l-ars of the state nay proelude the developnent of geotherrr,al resources in.
thls state. Hater lavs have not developed ln contenplatlon of geothe::nal

resourees. Thelr seope and purposc do not flt the proJected. utlllzatton
of the resourco.

It ls necessarJr to reeognlze that geothernaL resources ara separate

and' unlque and should. be hancllecl as such ln the d.evelopnent of general

regulatory or€arrlzatlon of the resou:rce, leglslattorr, B.bd. prorulgatlon

of mles and. regulattons pertalnlng to geotherraal enerry. ft rould be

unxlse to re6ulate thls ner energy resource xlth any one exlstlng
regulatory dlsclpIlne, as lts beneflts can lncIud.e porer prod.uctlon, rater,
n1nera1s, and heat for a number of need.s. Horever, the ereatlon of a
speclal geothermal agency would necessltate dupllcatlon ln several

areas. Thus, lt ls the authors oplnlon that a systen of regulatlon ln
all phases of geothernal operatlons be admlnl-strated by several a6eacles -
wlth Jurlsd'letlona1 porer 1n each agency's partlcular area of speelall-
zatlon.

Thls typc of admlnlstratlon could glve rlse to a systen whereby the
developer(s) of a geothe:mal resource area would have to obtaln a permlt

fron each agency invol-ved. 1n the regulation of the r€source, Thts

sltuatlon should be avolded as lt creates undue repetltion and. cost for
the developer and. for regulatlng ageneles. For thls reason, lt is
suggested' that one ageneJr be deslgnated. the prine regulatory agency xhlch
rouLd lssue all operatlons and eons'c.ntctlon pernlts oiher than thos e

requlred. by prevlous 1a'* (".g. H.E.p.A" or the Montana ut11Lty sitlng
Act). An lnter-agency control board would be created. to lnsure, Elmong

other thlngs, that -Lhere r.s ad.equat,-- inter-a€ency organlzatlon for the
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conmunlcatlon of lnfonnatlon between the prlne regulatory agency and

other lnvolved agencles.

A systen slnlrar to that of calrforala rourd. appear to be the
rnost flexlb1e, least costly arrangement to provlde for the naxlnun control
of the d.evelopnent of the resounce. A slnllar system for the d,,rmlnlstratlon
of the enerry resource rould. have organlzatron as follorsr

1. Tha 011 and Gas Consernatlon Dlvlslon of the Departnent of
Natural Resources and'-cpnsernatlon would. be d.eslgnated the prlue regulatory
a€ency' Thls a8ency has the neeessarJr experLlse and. experlence galned

through lts hlstory of regulatlng the petroleuu ind.ustry. Beeause of the
slnlLarity betreen the petroleun lndustry and geothermal erploratlon and

developnent, thls agency appears to the best equlppedto oversee operatlons.
Thls d'epartnent woul-d., In generar, be responslble for well operatlon,
envlronnental and subsldence control.

2. The Energy Plannlng Divlslon of tha Departnent of Natural Resources

and' ConserratLon rou1d. be responslble for power plant sltlng as d.lrected.

by the Hontana utlllty slttng Aet of l/13 sectlons ?0-g03 to ?a-gz3
of the R.c.H., 1947 rhlch have been recently amended. to provl6e for the
lneluslon of geothe:naI resources lnto the ""t,4

-" i"l3' The Deparbnent of state Land.s rould be responslble for the
leasing of state lands for the puryoses of the d.evelopment of gecthermal

resources.

4. Geothermal Geologlc Studles necessaqr for geo}oglc lnpact anrL

resource eval-uatj-on ttouLd. be coniiucted. by the l.lontana Bureau of l{lnes anl.

Geology or by contributrrylnstltutlons of higher educatlon.

5. Evaluatlon and regulatlon of alr pollu1.ants worild. cone und.er

4



the Jurlsd.lctlon of the Alr Quallty Bureau, Depar[ment of Health and

Envlronnental Sclences.

6, Evaluation and regulatlon of sater pollutants rou-}d be vested

ln the ltater Quallty Bureau, Deprtnent of Health and. Envlronnental

Sclence.

7. Hyd.rologlc studles would. be eonducted. 'r,y the Hater Resources

Divlslon, Departnent of Natural Resources and. Conseryatlon. It should.

be noted. that the lfater Quallty Bureau ls In the proeess of pronuLgatlon

of water guallty stanclard.s for ground. waters, thus the regulatlon of

ground. rater quallty rould be vested. rlth the Bureau. It ls posslble

that the Hater Quallty Sureau could also conduct hydrologlc suffeJrs"

Thls duty should bc delegated. on the baStrs of ablIlty and experlence,

as neLl as the rl1L1ngness for admlnlstrative l-nvolvenent.

8" The Publlc Se:rrl-ce Conulsslon rould. regulate:. the geothenaal

faclIlty, lf used. for poxer productlon, ln the Cornnlsslonrs present regulatory

eapaclty concemlng operatlons a"nd. por{er rates.

9. A Geothe::aa1 Resources Board. would be created. to coorrllnate

geothemal d.evelopnent ln the state of Hontana ln a manllsr xhleh would.

lnsure the nost orderly and beneflelal use of geothemral resou.rces

rhl'le nalntalnlng envlronnental quallty at the hlghest posslble leveI.

The board would organlze the promu1gatlon of regulatlons rlthin each

adnlnlstratlve a.gency to lnsure that all areas of regulation are suffl-
clently covered.. The Board. would neet on a regular basls to lnsure

that the prlne r.egulatory agency and. other contrlbu+-lng agencles are

nakrtalning adequate lntra-governnental- eonnunlca.tlon to l:isure efflclent
control of the resource. The Boarti lroul-d eonslst of one noe,ller of each

I



agencJr prevlously llsted..

The devel0pnent oftlfrs.type of organlzatl0n ln the s;tate of
Montana 1111, of course, requlre the prornulgatl0n of leglslatlon to
lease and eontrol the geotherrnal resounces ln the state, rn the d.evelop-
nent of thls leglslatlon there are severar naJor factors whrch should. be
lnclud'ed to lnsune naxlmun flnanclal and envlronnental protectlon of
the state and' lts resoulnces. ia3or polnts to be consldered. lncr*d.e the
followlngl

1. To clalrr the rlght to regulate the devel0pment an. use
of aL, of the geothermal resources rrthrn 

'he 
state, ?hls type

of stlpulatlon wou1d. lnsure that the state nould parLlclpato rn
the d'evelopnent of all areas of rand. on whleh the resources are
found., bc it on state, prlvate, or Federal property.

2. The code should. provld,e for the protectlon of 1rfe,
health, property, and natural resourees of the state through
the sornd' regulatlon of .rr,1lng, prod.uetlon, nainterance and
abandonnent of rel1s. Authorlty shoul. also be delegated. to
control subsldence .ue to geothernar development. These strpu_
latlons and regulatlons nust be provlded. for 1n geothermal resource
leglslatron elther by dlrect ineluslon or by d.rrecting dlfferent
d'epartments 'r,o pronulgate and adopt regrlatlons for the orderry
developlent of the resource.

3, A geothernar eod.e shourd requrre the f111ng of certai.n
d'ata galrred by the operators with the prlrre regulatory agency so th:rt
controlllng aSeneles can best reSulate the devel0pnent to lnsure the
nost beneflclar and least destr.uctrve use of the 1and. and lts
resourrces. Thls informatlon would. lne.rud.e geophyslcal dat,a, a dri1l



''t'":. 1og, representatlve data or sarnples of d-rl11 cuttlngs or cores,
and' a htstory of the drllrlng of the xer.r. A rog should lncIud.e

the character and d.epth of each for-natlon, srze and. type of casrng
used, and ths loeatlon, depth, temperature and cornposltlon of f1u1ds
eneountered.. A1r data and. rnfozmatron submltted to the prrne
regul-atory a€ency should. be organlzed and. cl.lstrlbnrted tr the prlrne
rogulatoqT agency to approprlate adrnlnlstratlve a6encles ln the
state goverr:nent.

4' Geotherrmal leglslatlon shourd. lnclude a fequlrenent for
a d'rll11ng fee to flnanee the operatlon of staff of the oi1 and.

Gas consernatron Dlvlslon requlrod to regulate geothe:mal operations,
Further, a bond should be requrred to irrdenralfy the state ln the
event that costs are rncurred. tn the repal_r or aband.orunent of
we11s deserted. \r operators.

5' A provlslon to lease state Ia^nd.s.for geothe:mar d.everopnent
should. be consldered..

Annuar- rental and royarty revenues have been proJected. tc reach
$2?0,000 dollars per year at the Gysers Fie1d. W tyTE_?5,5 ff the 1g,OO0
aeres of state land. leased ln that area for geo.thezmal productlon Here
to be fuI1y devel0ped, the area could produce $5oor00o_?00r000 annuarly
ln state revenue.

The baslc requlrenent of a leasee operatlng upon state- Iand.s should.
be to take all reasonable precautlons t.o prevent alr types of adverse
envlronmental linpact. Leaslng anri operatlng r:eguLatlons shou.lrl provl-r'e
for the termlnatlon of the lease after cr-ue notice for faLlure to conply
wlth leaslng and- operatlng regulations, rncludlng farlure to provlde



enYlronmental proteetlon. l{hen the leasee fatls t.o comply w1.th teaslng

and operatrng regulatlons, the prfuae regulatory geotherral ::esources

board should. have sufflelent power to suspend. certaln operatlons an6

glve notrce to correct faults or vlolatlons. Falrure to rened.y tho

requked' actlon should result lrr suspenslon of a.11 operatlons anrd everrtual

cancellatlon of the lease.

Certaln state lands should be exclud.ed fron geothe:maL 1eas1ng.

These areas wouId. be of eharacter or land use valrle r,.hieh eannot nutuatly
exlst rlth geothortal resource d.evelopnent. Such areas would lnclude:

parks, flsh hatcherles, hlstorrc sltes, a:rcheologlcal sltes, xlId1lfe
nefugps, rater forl productlon areas and. cert,aln areas of hlgh aesthetle

value.

6, Geotheriaal legtslatlon should. ea}I for the ereatl-on of a

geothernar resouz^ces board mace up of persons head.lng ageneles

regulatlng the d'evelopnent of the resourceo ThIs board. should. d.Irect

ltse1f toxarrl the orderly d.evelopnent of the r€source, It should

further organlze the regul-atlng agencles ln the pronulga.tlon of

adrnlnlstratlve proced.ure subsequent to tha act l-tself .



MONTAllA CODES APPLICABLE TO THE ENVIRONMENTAL IMPACT OF GEOTHERMAL
DEVELOPMENT

A.  工mpact Stat9ments

■。  Ceneral

ln genera■, the Montana EnvirorL■enta■ Protoctlon Act and its

Revised Codes and the Montana Utillty Siting Act as anended by the

rAental lnpact statement to assess the

nent, Hoxever, there appear to be a

are.not speclflc to certaln polnts.

,+3d f,egtslature provlde for the developnent of an adequate envlron-

lnpact c,f g,eothe:mal develoP-

few areas In whieh these acts

Because geothertal d.evelopnents proceed. on a step-by-step basis,

rlth further d.evelopment d.epend.ent upon the success of the previous

step, lt ts not defhLte at nhlch polnt ln tfune Wnt /
rould be requlred.. For exauple, the l,lar7svl-I1e proJect has proeeed.ed'

through the exploratlon phase and Is proceedLng through the test dri.1l1ng ., -
.r'r('['

phase. There are cert,aln lmpacts and. envlronnental rls}:s lnvoIved in ,. ,-/5 " 
-/o 

,grgc(7

both of these sta6es of d.eve1opnent. Hoxever, the State Deparbment - f lf,'n -r'^i^, (6
of Natural Resources has not requested. an envlromental- lnpaet state- *) -^

'lo n,

nent for elther step. Thls d.oes not appear to be an adeguate 4
arrangenent to lnsure the naxlnum d.egree of envlronnental- and. resourc "t #,fcontrol. -t tuP

Because geothermal develop:nent 1s a Lock step procedure, lt ls WT
;l '

dlfflcult at the ou-bset to d.eternlne whether or not a najor co:unlt-

nent of resout'ces ls }lkely to folloi+o )ioxeve-r, lt would not be

prud.ent to lg:rore the lnpact statement procedure untl1 a raajor fleld

develcpnent ls lnClcatei. ft ls suggested that. a.nyone lnvolved l-n



the d.evelopnent of 6eothennal resourees provide a l:rJ-ef lnpact state-

ment for the phases of exp1oratlon test rlri-Illrg a,nd a nore complete

report for productlon testlng. The entltles cond.uctlng these phases

of operatlon are often not lntegrated. conpanles rlth large amounts of

capltal and. staff avallable for wrltlng lnpaet statenents rrhlch rould

lnclud.e all phases of d.evelopnent. Further, at these levels of develop-

ment there ls geaorally lnsufflelent data to nake long range predlctlons

developnent at the test drlI1Ing phaseo the nonavallablIlty of d.ata

and flnanclal bunlen of statenent preparatlon coul-d" result 1n the

d.lscourageneat of the d.evelopnent of geotherr.al resources 1n llontana

whlch, by nany parameters, appear to have a lesser llapact upon the

envlroruaent than rrany o'ther forms of energy sources and conr"erslon,

2, Geotherral Exploratlon.Phase

Erploratloa upon state land.s would have to conply wlth present

state rlles and regulatlons regardlng thls subJect. The type and scope

of lnfo:matlon necessaJir 1n an lropact suiurarT for geothe::naI erploration

nou1d. be largely depend.ent upon the area ln whlch exploratlon ra-s to be

eonCueted. (".g. roadless or w!l-d versus an area easlly accesslble by

vehlcle) ancl the typs of erploratlve nethod.s used (u.g. actlve selsnlc

versus renote senslng). The suninary should. lnelude a d.escriptlon of'

exploratlve d.evlees to be used, the length of opera'blon, alteratl-ons of

the land surface and use neeessary, v1sual lmpact, and the posslb-1-e

lnpact of activlty upon resldents and/or wlIdllfe.

3. Test Drllllng Phase

A sunnary of the lnpa.ct of test d.rC.I1lng should lnclude the type

10



of geolo61c stmctures and, geothernal" resour'ces l.ndl cated by explora-

tlve lnformatlon. Other lnportant d.ata rould lnclude ::equlrenents

for road buIIdlug, slte pneparation, and genoral land use. Durlng

thls phase strlct eontrol of drlII1ng ls neeessary to lnsure the

preventlon of blorEouts anit/or easlng breaks whlch could result J.n

slgnlflcant atr, sur:face rater, a.nd. ground. rater ilegradatlon.

I+, Productlon Testlng Phase

The prod.uctlon testlng phase regulres an even greater degr"ee of

control. The rel-ease of geothermal fluld.s to the atnosphere or surface

waters could resuLt ln acute d,egradatlon and r.lol.atlon of standard.s.

ThUF, prlor to testlng, data concernlng the tenperature, chenlstry and

physlcal- nature of geothe::ma1 flulds, should be subnltted. to the prfune

regulatory agency and di-strlbuted .ln the Departnent of Health aad Envlron-

nentaL Sclences. Other d.ata to be sutrnltted eould lnclude antlelpated.

effeets upon alr quallty by non-condensable gases and partlculate,

neteorologleal eonslderatlons, adverse effects upon water qualrty by

geothe:raal- waters ln te:nrs of both therral and chemlcal d.egradatS.on, and.

the erpected. levels of nolse and thelr posslble ad'rerse effects, The

Departraent of Health and Environnental Sclenees would. revlew lnfo:rnation

and. lssue short te:m water and./or alr Clscharge permlts for thls phase of

d.evelopment, The Departnent of Hea1th and. Envlron-aental Sclenees nonltors

or requlres prlvate nonltorlng of all cllsehaf,,.ges.

2 Eu■■ Sca■ e Deve■op■ ent and Power Production

ff all prevJ.ous phases of geother:aaI resources developnent prove

suceessful and full seale developrnent of a geothe:=raI area ls lncllcateii,

11
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a furl envlronmentar lmpaet statement would be requlred by the l4onta'na

EnvlronmentalProtection..Actand,lfofsufflclenLsl.zeorcostan

lntenslve stud.y would be requlred by the Hontana utlIlty sltlng Act

of i,lVD as amend'ed by thre 43d tlontana State Leglslature '

ThelnfornatlonrequlredbythesesectlonsoftheRevlsedCod'es

ofl,Iontarraaresufflclenttogather..a'd'equatelmpactlnformatlon'

1,' AIr Quallty

Hontana Anblent Air Qual-lty Standard's' Begulatlon 90-105t

d'escribbs:.amblentstandard.sforanunberofalr..pollutants.Those

whlchperlalntogeotherrnalresourcesdevel.opnentxouldlnelu.de:

HydrogenSulfide,Totalsuspend'ed.Part.lcu]-ate,SettledPartlculate'

Fluorldes,andBery}llum.TheoxldantsofHyclrogenSulfldecou].da]-so

beconsldered-appllcablelnpart'togeotherrnalresourees'It1s

apparentfronchemlca].analyslsofgeot,hermalxa,t.ersthatgeotherrnal

operatlonscou}dproducesufflclentalountsofsomee].enentsor

conpoundsSoaStocausechronlcoracuteenvlronmenta}d.anage.

Chemlcalspresentlngeotherrralfluldswhlcharenostllkelyl,ocause

thlstypeofdaraagewcruldlncludecs:.bond.lo>llde,carbonnronoxlde'

amnonla,andrnercury.ofthese,atnmcrnla,carbondloxlde,an,lnercurlr

havenoappllcableFed.era]..arnblentstandards.Theoccupatlonal

Safetyand.l{ealthActhassettheft,ll.lowlngstandardsfor.hunranexposurel
P.P.1.1.

5O

5,000 ^t mg/ton)

Annonla
Carbon DtoxlCe

!1ercury

1つ
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However,thesearenotamblentstandardsarrd.pertalnorll.yto

lnplanthrrnanexposure.Protectlvedevlcescanbeusedtoavold

thesecontarnlnants.Envlronnentald.arnagecouldoccurfronthese-

contanlnantsandthus,ltnaybenecessarytocreateanblerrtstand'ards

for these chenlcaLs. Further research ls necessaly to establlsh prfunary

and second.ary stanttarrls for the d'lscharge of nercura o -
other chenlcaLs whlch could c&use envlronnental dama€e t+ould'

1nc1ui[e As, B, Ar, and. certaln radlonuc]-elites. of these, onJ-y the

ra.il.lonucleldes are controllect for hunan and envlronmental exposure '

Thls 1s d.one by the Atomlc Energr Comnlsslon'

TheStateof}lontanahaspromulgated.standardsforthedlschargo

of ra.dlonucleldes lnto surfaee xaters, however, there are presently no

stanclarrls for the d.lschar6e or leakage of radloact'ive naterJ-a1s lnto

groundratergorlntothealr.Prlortoapprovalofageothe::rral

nuelear stlnulatlon proJect, stand.ards concernlng alr and ground xater

eontanlnatlon should be prornulgated'

Geotherrnalf]-ulctsvarygreatlylntheeontentand.concer'tration

ofchenlcals.Asaresult,eachgeothermalproJeetrll].havetobe

Ind.lvld.ual1y evaluated. to asCertain lf lts chemlcal' eonteni ls a

potentlal problen as a basls for establlshlng control neasures,

stlpuIatlon, or standards. Irr the creatlon of 8eothermal regulatlon

ln l,lontana, controlllng agencles should be glven adequate provlslon

to d.eal wtth potentlally harmful chenlcals not presently under eontrol

13
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r,','ater Quality Si,andards for iiontana as lrit.t':n in i'liC \5-z,Lll

_ (10)-51lllL30 appear to be adequate to protec'r, the surface vraters of

.*'bntana, Although the standards do not contain specifj.c criteria

for certain chemicals present in geothormal r,ta'ters there 1s suffi-

cient provision in the code to proteet surface rvaters fron the large

variety of deleterious substanees which raay be present in ge.othermal

tnraters

Ground lraters do not, at preserrtl appearto be su.ffic5-ently

proteeted frorn degrada't ion by geotherrnal sou.r'ces or othsr sources 3

Underground lraters are elassrfied as "state t.'aters" Ln 69-480?

R.C.l'i., L947. .l\rther, iha classifrcation o1' al..L waters is required

in 59-+aO+,2 P,,C.i'.1., l-94? '.rhich reads as fol.l-o:rs;

"Duties pf the board of health. (l) the board shallr
(") estab]lsir and nodify the classificat:iorr of al.] uaters
in accordanee rvith their present and fu'cure most beneiicial
uses; (b) fornulate standards of water purity and classifi-
cation of r.rater accordlng to its most berreficial uses;
giving consideration to the econoraies of vrast,e treatment
and preventioni"

At presant, the onJ-y l,lontana lax whlch c()ncerns itself r+ith the

pollutron of r-:nderground r..'aters ts Eg-2925 i?.C"1,!. r.rhich reads as

foll-ovrs:

". .. The ad:linis'Lration shall requir(j all ilel-ls
oroducing r,rater lrhich coirtarainates oLher. trate:.s to be
pluz6ed or capp::d. iie shal1 also ra3uir"e all f).o:.;in3; welis
to be capped or. ec.urpped -.ri'Lh va.l-ves suc:h 'l;ha'L the flor,r of
r.;a'uer c:rn be stoltp=d r,;hen the r.iate:" isrr('r, being put t,o
b:ref:ci.al. u:;oo "

Al-t.hou:;h thi s sec'-ron '..rou1C p:.ct.cct hrrh qual:Lty ao_rrif er.s frorr

d.e;rad.a'"::-on b;t geot:r:r--l:,-1. i.la^li,:r"s :,:i-itzt.:-nl ft o:r a r;o!-!-, :',,', dc:es i.:o',.

assure pt"oiecti.on of unlc):',.,1'c'rr]rd -rrrt.::1s fron 1:.ri.1iitro:r b7 r.cln;ection

■4



or other geothermal a.ctivitY.

The l.'iat,er Quality Bureau is in the process of' promul3ating r'rater

quality standards for grorrnd vraters. This process vdl} take frorn one

tott.to}ears.}Thesestand'ard'ss}rou1dberevier.red,priorioapprclva1,.

to insure that, they adequately proteci groulduater' qualit'y fi:ro:l:

(1) surface seepage of geothernal waters into high quality grourrd

waters , (Z) degradation of urderground rvaters by rei-njeciion

( ]) degradatioi-r of underground ,.vat,er's by far:-Ii.i' o:r trrokerr i"rel1 casings,

and (ll) d.e3rada.tion of underground raaters by other causes i'nduced by

geothenaal activity (e.g. subsistancel or lndustrial use of geothermal

r.raters).

?. Land Use

\ Land use in the vicinity of geo',,herrna1 develo;r:,-relrts i'rrl-I be
(

' \ changed by the construction of :roads, r'reIIs, pipelinesr pcirerlines,

polrer plants and other facrU-ties associated r,rlth geothernal develop*

ment. Iilho-u..: and if the siate provides for the ieaslng of state lands

for geo'uhermal developnent,, laud use eonsideratiorrs sho'al ci be require<l ,

Land use considerations should also be aceounted for in aleas on ancl

ad.jacent, lo pz.iva^,e1.y o,,rned q,eot-hernal develop:leitt, In the lease

of state lanCs, certa:-n sreas should be excludod fro:rr lease pciential-,

These include, bu:.t, a:'e not, li'nitecl t.ol palrl(s , recree.Lio)'r are?s, fish

ha.ucher-ie'sr r.nldlife refu;es, .3ai,1:) ]'an3e lands, r'rato:'ic;':l- a::eas,

p:.odrrcl:ior and habrt.ai a?eas of en:lan3ered. specics, his'uc:':cz\ srtest -
anl ;rrcheo-Lof ical s;tt.ls; . Tn e.iil-: t.:Lo:r, al'(ias zr)Ja':irt'u io leo',h:'r';:a'l-

Iosor-il ces shoulci b.j con:-;-i-r1.:red lir i:.hs liraili..in: cf l-cases 1n sUcir

( ,:as.;as '.lhl're the ir:co:pa'"ii::.l-i t.',, of lanC u:;cs :s '-lrl'ico:ic-'-r-abie.
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Conprehensivcp1annirrgbe3inn-1tr6vlii,ht,hefi:lsi,s1i,a3eSof1easing

continuing through fulI scale operations would eon'Lribute greatly

to harmonious layout, designl and lanC utilizatiorr" Leases sho'Jd

include provisions that geothermal facilities slrou,lct te desigrred to

the greatest extent possible to blerrd harmonious)-y uith j-ts suroundirrgs,

This rnay require the pronulgation of suclr archj-teetural a'nrl 1'ayout

standards by the Department of Stat€ L3]ldst

l+. Iioise

At present, the state of liontana

the production and control of noise.

the enr,,i-ron'neirtal inpact of noise nt'

noise r.rould appcar. to be pruCent..

Federal noise eipcs-,rre levels have been estab-J-ished pu-rsuani to

Section 6(a) and ?(g) of P.L " 9L*595r "The Occupatronal iiealth arrci

safety Act of !g?a,,. Ho,.,revel:r this applies onLy to r,rorkers a.nc is

not aCequa',,e to proviCe for rninimal noise impaci.

Ceotherirral d.evelopnent stand.ards have beerr adopted by trperral

couviiy, clai-io::iri-a, a.:rd ira..,e l--e.:n p:nopo:;e<I for other califorrrla

counti-es* These s'ua:tdarci:; i.ne.l.uCe prcvisioirs for noise abatenent

anC ar"e inelu.ded :-n aP.cendrx .

仇
一
Concll,si o11: 〔13otllorn3_l J」 llorrvL_1:堅菫,ュユ■1__型 _EヒViron・lClltal Qualitz

Tlle techllo■ olらr of 3oothcrln(l■  1'esourccs devoloFE3nし  is proc● 3din3

at an ev(Dr incrDasing rate.  This is a rcsu:Lt of irlcreasing enori,■ 「

ancl(inviro〕■ni〕rital costs a31;OCi〔 atcd 、li lill a]_ternat′ ive cnerl■「 sourcOs

sl■ch as nuc■ tar or ilo3si■ ●:Lectrica■  plヽoduction,  ■1ly d`〕 vo■ op■tllt or

does vtot have sta.:odards regardirrg

To protect wo:rkers atrd 'uo keeP

a rr:inimurn, the regulaiion of
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geothermal energy 1111 resuLt ln so11d., gas, llquld, or thermal

waste rhlch nust be dlsposed. of, The state of H<.rntana should have

the admlnlstratlve ablIIty to follow the deveropnent of geothe:ma1

r€sources technol-ogy and to use thls lnfornatlon, wlth lts pover to set

standards, to stlnulate the use of technology whlch woul-d create nlnlmum

adverse envlronrnental lmpact. It ls also necessaqf that regulatlons

and codes destgned to stlmulate such envlronmental technology d.o not

ereate a suffielent dlslncentlve to prevent the developnent of geothenraal

technology rith overall a.dvantages over conventlonal alternate resources.

Further analysls of geotherual energy should stress the contrasts betreen

the lnpacts assoclated rlth geothe:*ral energy and lts conventlonal

alternatlves of fosstl and nuclear generatlon. This would a]Ion the

state to reLgh the advantages and dlsadvantages of each poxer source and,

apply declslons for or agalnst future energ-y optlons on the basls of
overall beneflts and envlronmental l-mpaet" It l.s clear that the state of
ltontana x111 requlre a geothernal resources aet to provlde fo:: the 1easlng,

orderly d.evelopnent, and. envlronnentar protectlon of the state. The

consld-eratlon and. draftlng of such provislons should.qomnenee-as soon

ls possible.
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